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MONGOLIA THE NEW WORLD 


By Professor WILLIAM K. GREGORY 

AMGIUCAN UUSBUM OF NATURAL HISTORY 

Part I 


Whkn Roy C. Andrews made his first 
journey to Mongolia in 1916 he could 
hardly have dreamed of the far-reaching 
scientific results that would eventually 
grow out of his determination to explore 
the Gobi region on a larger scale. For 
since then he and his associates of the 
Third Asiatic Expedition of the Ameri- 
can Museum of Natural History have 
literally opened up a new world to sci- 
ence. All previous explorers had re- 
ported the Gobi desert as barren of fos- 
sils, but Andrews and his colleagues have 
discovered a long series of fossil-bearing 
basins representing many millions of 
years and containing a superbly pre- 
served record of animal life. The geolo- 
g^ts and geographers of the expedition, 
mapping every mile of the thousands 
traversed by the expedition, photograph- 
ing and drawing the present topography 
of the mountains and great basins and 
collecting an equally full series of rock 
samples for laboratory sectioning and 
analysis, have literally 'brought home the 
reeoM of the entire earth history of 
northern Asia; meanwhile the archeolo- 
gists of the expedition hav.e recovered 
highly significant of prehistoric 

man. "w 

Now that a considerable part of the 
Third Asiatic Expedition’s collections 
have been worked out of the rock and 
the specialists have published a series of 
teehniloal roports upon their results to 


date, it seems timely to attempt a broad 
general account of these discoveries and 
to indicate how they may be connected 
with similar investigations in other parts 
of the world. 

The Penkplanes of Mongoua 

The “peneplanes of Mongolia,” as de- 
scribed by Professor Berkey and Dr. 
Morris, may well be selected as the take- 
off for our airplane survey of the coun- 
try. Whenever the rock strata of tlie 
earth’s outer crust become crumpled up 
into mountains, or whenever a given 
region is “block-faulted” upward, the 
increase in general level of that region 
rejuvenates the forces of erosion. Heat 
and cold, moisture, frost, wind and rain, 
all aided by gravitation, renew thmr age- 
long work of breaking and pulverizing 
the rock, of scouring river channels and 
of carrying the detritus down to lower 
levels until it is swept out to sea, there 
to form great sedimentary beds of sand- 
stone, limestone, etc. As long as there is 
no further general distnrbance of level 
these processes continue to wear down 
the mountains and uplands. Meanwhile 
the gradients, or general slopes of the 
rivers, are being reduced, the rivers .be- 
c(Mme too sluggish, to carry their Ml 
loads of sediment dpwn to the sea and 
tho lowlaa^ becobio fiUsd up widi the 
sediments brought torn the uplands, 
until the “Imse loved o| erosion” is ap- 
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FIG. 5. MAP OP ASIA, SHOWING THE TBEND OF MOUNTAIN RANGES, AND THE 
POSITION OF THE GREAT BASINS. 


LAROE positive elements AttE SHADED IN BLANTTNQ LINES. THE GREAT STRUCTURAL BASINS ARE 

STIPPLED. 


proachcd and the general surface is 
gradually levelled down into a '‘pene- 
plane ’ ’ or nearly flat surface. Whenever 
a new uplift occurs the old base level is 
changed and the forces of erosion begin 
to destroy the old peneplane and to build 
up a new one on a different level. 

Drs. Berkey and Morris show that as 
the traveller proceeds from the ''Arctic 
divide’* in the Khangki Mountains in 
north-central Mongolia in a southeasterly 
direction toward Peking, he passes across 
five general levels in descending order. 
The highest is the Arctic divide** and 
the remnants of the "Khangai pene- 
pliine, ** which is a broad, gently-rolling 
surmounted by low, rounded 
hills or monadnocks : next 
oomes the "Mongolian peneplane,*' 
to be a down-warped 


extension of the Khangai peneplane. 
Descending from the Mongolian pene- 
plane one comes out upon the vast level 
floor of the "Qobi peneplane**; this is 
a surface of extraordinary smoothness 
which bevels the tilted and faulted strata 
of many geological ages. The geologists 
have not yet settled whether the planing 
force that produced the Gobi peneplane 
was blowing sand or whether the effect 
was the iji^ork of water in a past cycle of 
more humid condition. 

In another communication Drs. Berkey 
and Morris point out that the Gobi 
peneplane is the easternmost of a aeries 
of great interior basins of Asia, includ- 
ing the Dmngarla, the Lop, the Balkash 
and AraLOaspian and others, which are 
seiAi-and steppe eowtries, including 
desert ranges, broad op^ minor baaitia 
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and (Ktcasional depressions with lakes 
and salt pans. The Gobi has a width of 
roughly five hundred miles north and 
south and a lengtli of one thousand miles 
east and west. The entire country from 
the southerly margin to the Arctic divide 
is warped into a broad open synclinc, or 
gently-sloping concavity, whose central 
portion is three thousand feet lower than 
the outer margins. Thus the rims of the 
basin stand from five to seven thousand 
feet above the sea and the broad down- 
warped expanse between forms a basin- 
shaped plateau, parts of which are real 
desert. 

The great basin of the Gobi contains 
many minor basins which the authors 
call ‘ ‘ talas, ’ ^ from a Mongol word for an 
open steppe country. Thus we reach the 
fourth level from the top. Each tala, the 
explorers tell us, has its own local in- 
terior drainage and is bounded by incon- 
spicuous warp divides or by mountain 
ranges, or both, separating it from neigh- 
boring areas of similar habit. Within 
each tala there are still smaller basins, 
called by the Mongols ‘ ‘ gobis ’ ^ and it is 
in these smaller gobis that the explorers 
discovered a great series of sedimentary 
formations representing many different 
horizons — from the Cretaceous beds con- 
taining the famous dinosaur eggs, at the 
bottom, through ascending levels of the 
Age of Mammals, containing many fossil 
remains of mammals, and culminating at 
the top in the loess deposits of glacial 
and post-glacial times. Thus we obtain 
the picture of a descending series of vast 
peneplanes and of basins within basins, 
the principal fossil-bearing strata being 
found in the lowest basins. 

The Oldbock Floor and the Great 
Mongolian Bathyuth 

The fossil-bearing strata of the talas 
cover periods of millions of years in 
duration, yet they represent only th© 
later stages in the history of Mongolia. 
Beneath the nearly horizontal 
tary strata of the lowest talas^ and in 
many other places where the latctr rooks 
have been cleared off by Wind and watOi', 
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DIK08AUB EGGS WEATHEBING OUT OF THE BOCKS 
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FIG. 6. PERSPECTIVE SKETCH OP MONGOLIA AND MANCHURIA. 

TlfE t>RAWlNa REPRESENTS A }IIX)C K CUT OUT OF THE EARTH *S CRUST, SHOWING THE STRUCTURE 
OP THE ROCK FORMATIONS ALONG THK CUT EDGE. BOTH COUNTRIES ARE SHALmW BASINS SUR- 
ROUNDED BY MOUNTAINS. TUE BASINS ARK SEPARATED BY THE GREAT KhJNOAN RaNOE, WHOSE 
STEEPER SLOPE IS TOWARD THE EAST. THE SEDIMENTS WHICH HAVE WASHED INTO THE MON- 
GOLIAN BASIN IN LAW GEOLOGIC' TIME CONTAIN THE FOSSILS OP CREATURES WHICH LIVED THERE 
WHILE THE SitDIMENTH WERE BEING DEPOSl'PED. THK LETTERS, P, K, U, STAND FOR PEKINO, 

KaUJAN, and UrOA RESPECTIVELY. 


\vc find wliat the preoloj?ists cnll the ‘^dd- 
rook” floor of the f?reat Ciobi basin and 
the detailed study of this oklroek floor 
has revealed a picture of surpassing: 
grandeur. All the millions of years rep- 
resented by the rocks above the oklroek 
floor arc as a watch in the night com- 
pared to the age of tJie oldest strata in 
the oldroek flixir itself; all the warpings 
and deformations in the later rocks 
record only feeble stirrings of the vast 
plutonic forces beneath, compared with 
the terrific disturbances of the earth’s 
crust testified by the presence of what 
the authors have named the * ‘ (Ireat Mon- 
golian Bathylith. ” This huge ma&s of 
granite underlies thousands of square 
miles in Mongolia. Its upw'ardly-grow- 
ing roots penetrate the later rocks like 
writhing serpents of congealed fire. For 
millions of years after its first great out- 
burst this immense reservoir of molten 
rook enjoyed occasional periods of re- 
juvenescence and at such times it played 
havoc with the older sedimentary rocks 
saturating them with its own living fire 
and often leaving them in a highly 
altered condition. 

Naturally the geologists sought for evi- 
dence which would enable them to deter- 
mine the relative age of the bathylith as 


compared with other rock systems of the 
oldroek floor and thus to assign it to its 
rightful place in the standard geologic 
column of rock formations. At a certain 
point in the oldroek floor of the Gobi 
desert, about one Imndred and twenty 
miles southwest of Iren Dabasu, the 
geologists came upon a series of marine 
sedimentary beds containing inverte- 
brate fossils. Professor Grabuu later de- 
termined these fossils to be of Permian 
age, since they were specifically identical 
with fossils of known Permian age from 
China. In the same place the explorers 
noted an outcrop of granite, presumably 
from the Great Mongolian Bathylith, 
which appeared to be “faulted” against 
the Permian strata. From the fact that 
the Permian bods near the contact with 
the granite are not metamorphosed (as 
they would have been if they had been 
present when the granite was molten) 
and from the further circumstance that 
no dikes or offshoots from the granite 
were seen penetrating them, the geolo- 
gists infer that at least in this region the 
granite is older than the Permian beds. 
On the other hand, the bathylith pene- 
trates and undercuts the ^^Khangai 
graywacke-slate series” in the northern 
mountain area one hundred miles south- 
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CHIONJI BLUFFS AT DJADOKHTA 

Tmrr cossist almost wholly of fine md winb-blown saxb, in which the disosacr eggs were found. 
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RED MESA AT OSHIH 

The cap is black basalt in which were pound nuggets oj agate which were used by prehistoric man to make stone implements. 
In the canyon below the camp the bones of the oldest dinosaurs of Mongolia w^ere found. 



14 


THE SCIENTIFIC MONTHLY 



UNEARTHING SKELETONS OF IGUANODONTS AT IREN DABASU. 


west of Ugra and tlie p^raywackcs are 
locally metamorphosed by contact with 
the pjranite over a wide territory. Hence 
the bathylith, at least in this phase, is 
younger than the graywackes. These in 
turn on various grounds are judged to 
be of late Proterozoic age. Thus the 
upper and lower limits of the age of the 
bathylith were determined, at least ap- 
proximately. 

As the graywackes and their asso- 
ciated beds of slates, jaspers and quartz- 
ites are older than the Great Mongolian 
Bathylith, so certain other components 
of the oldrock floor of the Gobi region 
arc older by far than the gra>^aekes. 
In some places a series of schists, phyl- 
lites, limestones, dolomites, quartzites 
and greenstones appear to represent the 
“Wu T’ai system'^ of China, which is 
classed as early Proterozoic in age, while 
a still older scries of crystalline lime- 
stones, schists and complex injection- 
gneisses seem to be akin to the ''T'ai 
Shan complex pf China, which repre- 
sents the Archeozoic or Archean rocks of 
America and Europe. Great beds of 
conglomerate in these seri^ are taken to 
indicate periods of emergence and rapid 
erosion. 

Thus we see that the early history of 
Mongolia was broadly similar to that of 


other great land masses such as Europe 
and North America : that is, for tens of 
millions of years the land would be sunk 
beneath the sea and be deeply cov^ered 
with marine deposits, then there would 
be long periods of emergence with great 
outbursts of granite and lava, the 
crumpling of strata into mountains and 
troughs, followed by deposition of epi- 
continental sedimontH and the slow 
process of peneplanation ; then again 
tlie long cycle of subsidence and marine 
deposition, with subsequent uplift. 

As noted above, all the rocks in the 
oldrock floor of the Gobi region are much 
folded over wide areas, but above the 
floor the warping and folding of later 
strata are but slight and local. Not since 
the middle of the Age of Reptiles did the 
sea flow over central Mongolia or drown 
its inhabitants in a great flood. The chief 
fossil-bearing formations of the Gobi 
desert are all of continental type and 
Mongolia for millions of years of its later 
history has been the secure home of 
many races of reptiles, mammals, per- 
haps even of the ancestors of man him- 
self. Prom its windswept highlands it 
has sent forth its caravans and invading 
hordes in the Age of Mapimals no less 
than in the days of Genghis Khan. 


FORMATION OF THE MOON AND EARTH 


By W. L. R. EMMET 

THE GENEKAL ELECTlllO COMPANY 


The idea that the markings on the 
moon’s surface have resulted from im- 
pact of bcKlies drawn into it, rather than 
by volcanic action, has in recent years 
been advanced and discussed by various 
persons and there seems to be a growing 
tendency to belie t in that theory. The 
author of this article wrote a paper on 
the subject in 1907 which may have been 
among the earlier discussions of the 
subject. 

The purpose of this article is rather 
to discuss the conditions which might 
result from such action, and the infer- 
ences which might be drawn in the case 
of the cartli and otluT planets, than to 
make an argument for this theory of up- 
building which may have been more 
completely stated by others. The ap- 
pearance of the moon’s surface can be 
studied by any one from ])hotographs, oi* 
with a telescope of moderate power, and 
what is to bo seen certainly affords basis 
for much thought as to conditions which 
could have created such contours and 
markings. If we can learn anything by 
such study it can be inferred that the 
knowledge has a degree of application to 
the eartl) and other planets. 

ArrEAHANCE OF THE MoON 

The surface of the moon is covered 
with markings, most of which arc circu- 
lar or partly circular in form. The 
smaller of these markings have been gen- 
erally spoken of as craters and the 
roughness of the moon*s surface lias 
generally been attributed to volcanic 
action. The smooth areas of the moon 
which have been called seas have also 
been attributed to extrusions of lava 
from the interior. 


Even if we were disjiosod to believe 
that a molten moon would in cooling be 
subject to such vast and widespread vol- 
canic activity, a view- very far from that 
of the writer, there arc various condi- 
tions which clearly show that many of 
these markings arc not volcanic craters. 
Ill .some cases tw^o and even three of 
these circular markings overlap each 
other and their positions willi relation 
to each other arc arbitrary, while terres- 
trial volcanoes are confined to certain 
regions or lines of supposed weakness. 

If llie moon is looked at through a 
small telescope or a field glass its surface 
seems to bo covered by areas of relatively 
dark and light color. An examination 
wdth a stronger glass of these darker 
areas will show that they are almost 
uniformly smootli in surface. Now, if 
we again use the wc'ak glass and observ^e 
the gcne^i^ effect of these darker 
patches, it ,wdll be seen that their shape 
is either definitely circular or such as 
would be made up by the overlapping 
of several circles ranging in sizes from 
about 200 to 700 miles in diameter. 
These markings are somewhat confused 
and the circular form of many of tlieir 
outlines is more noticeable in a slightly 
magnified view which does not show 
all the detail. In such a view the out- 
lines, or partial outlines, of about ten 
circular areas can be perceived. The 
surface outside of these smooth areas is 
much broken and covered by hundreds 
of such circular pits. 

The belief of the writer is that the 
moon’s surface simply ^ows the record 
of its upbuilding through the entrance 
into it by gravity of thousands of bodies 
of various sizes. If we examine the 
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THE SURFACE OF THE MOON SHOWING THE PITS, WHOSE ORIGIN 
IS UNDER DISCUSSION. 



THE MOON AND EABTH 
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mooa with this id«a in view and with 
reference to the probable sequence of 
ereata its sartaoe ehows just what might 
be expected. 

DiammuTiOM or Matter in Solar 
Ststsu 

The most generally accepted theory of 
the formation of the solar system is that 
the son was at one time disrupted prob- 
ably through tidal effects produced by 
some other body passing near to it. 
Such an occurrence might scatter its 
material in such a manner as would be 
necessary to the final upbuilding of the 
planets. In considering such an event 
we might imagine that the material 
would be widely and more or less uni- 
formly distributed in a finely divided 
state, or that it would be thrown out in 
masses or in clots which might soon draw 
together by gravity into masses which 
might ,be hot from the original forces of 
disruption and from the heat of recom- 
bination. 

In the opinion of the writer this 
theory of scattering in masses is not 
tenable, and it seems much more prob- 
able that the material would be widely 
diffused and quite finely divided. In 
such an event the acceleration of no two 
parts would be exactly the same and the 
strength of material and its adhesion by 
gravity would be insufficient to hold it 
together in large masses. That there 
was not a completely uniform scattering 
of finely divided matter is evidenced by 
the fact that the orbits of planets are 
not circular, while the fact that they are 
nearly circular and in the average much 
more circular than those of the minor 
planett would indieato that the matter 
was much diflhued. 

The original motion reedved by any 
individual body in sueh an event could 
not be sueh as to give an orbital motion 
whieh was neady eireidar. A circular 
orbit could only result from the eombi- 
aatkm of many bodies with orbits hav- 
ing varbnis degrees of eOoentrici^. If 


any mass approaching the size of exist- 
ing planets had been originally thrown 
off it would have had a highly eccentric 
orbital motion and would . in a large 
measure have retained it. Thus the 
character of the orbits of the solar sys- 
tem may give us some clue to the nature 
of the upbuilding of the different bodies 
and the facts seem to give support to 
the general theory here suggested since 
the smaller bodies generally have more 
eccentric orbits. Most of the planetoids 
have very highly eccentric orbits. The 
eccentricity of Mercury is twelve times 
that of the earth and that of Mars five 
times that of the earth. 

The surface of the moon gives an idea 
as to the early state of such scattered 
matter and indicates an order of up- 
building which seems quite consistent 
with the laws of physics. 

In the early stages of such a process 
the space would be filled with many 
small bodies which would all move in 
orbits of various degrees of eccentricity. 
These small bodies would soon be cool^ 
by radiation and would be drawn to- 
gether by mutual attraction with wnall 
forces which would produce little heat 
when they came together. The larger 
bodies would capture smaUer ones and 
would at first beemne overlaid with rela- 
tively loose material which would show 
circular pits where the different bodies 
had struck. Such a surface is seen on 
the rougher and more elevated pmrtions 
of the moon’s Burface. 

As time advanced many bodies in a 
given orbital zone would be subject to 
such accidental upbuilding and, as the 
smaller bodies were so taken up, the 
collisions would become less frequent, 
this BpaiSte being occupied by a relatively 
small number of large bodies moving in 
orbits of less ecoent^ty. These large 
bodies would still continue to occasion- 
ally come together, but veiy long inter- 
vals of time would separate such meet- 
ingB. 
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The largest member of the group 
would ultimately absorb all the others in 
its zone of action. As its body grew the 
matter entering it would pr(^uce more 
and more heat. 

When the parent body became pos- 
sibly a thousand or more miles in diam« 
eter bodies entering it and much of the 
material of the parent in region of en- 
trance would be heated to fusion so that 
the place of entrance would flow to a 
level smooth surface composed of mate- 
rial presumably denser than the original 
material for the same reason that solidi- 
fied lava is generally heavier than crys- 
talline rock. After the formation of 
such smooth areas there would still be 
some small bodies free and some of these 
might be expected to ultimately fall into 
the smooth areas, making occasional pits 
in their surface as is seen on the moon. 
Such pits in the smooth areas show a 
uniform sharpness of outline and detail 
which might indicate relatively recent 
date of formation. 

The surface of the moon, as has been 
stated, shows many such smooth low- 


lying areas. Some of them are definitely 
circular in form and others show out- 
lines in part made up of the segments 
of circles. The moon also shows several 
prominent ridges which have the form 
of circular segments with the concave 
side steep, which presumably at one time 
formed part of the boundary of such 
areas of entrance. 

There are other interesting features of 
the moon’s surface which bear upon this 
theory. There are one or two places 
where spherical bodies have entered 
smooth areas, presumably before they 
were cooled to great depths, and have 
left only a faint circular ridge, and 
there are places where prominences have 
apparently partly been absorbed by 
fusion into molten matter below them. 
There is also a point on the moon’s sur« 
face which has been named Tycho from 
which apparently solid matter has been 
scattered in definite radial lines as much, 
as a thousand miles long, a phenomenon 
very difSeult of comprehension but sug<* 
gestive of an impact from without* 
Other features of the moon which m?e 
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dgnifloant in oonneotum with this theory 
are its lack of atmosphere and its low 
density which will be discussed later. 

Rzlationship or the Moon and 
P lJLNBTS 

If the moon had been built up in the 
manner outlined above it might be in- 
ferred that the planets had gone through 
similar conditions and that there should 
be foimd in the moon s^gestions as to 
the probable history of our earth which 
might, or might not, conform to our 
knowledge of its present condition and 
past history as read from geological 
records. 

An interesting fact as to the relation- 
ship of the planets to each other and to 
the moon is found in the densities as 
compared to the diameters of those of 
which the solid diameter is known. 
These relations are shown by the curve. 

It will be observed that the densities 
and diameters come in the same order. 
If these densities are plotted against 
diameters it will be seen that they fall 
very close to a simple curve, further 
suggesting a rule of relation between 
size and density. 

Since these bodies occupy various 
positions in the solar system, we might 
infer from this relation that the charac- 
ter of material distributed throughout 
the system was in the average nearly 
uniform and that the wide differences in 
densities of the bodies arose from the 
greater compression due to increased 
sise, or to changes of material incident 
to this and the greater heat produced in 
the formation of the larger bodies. 

These conditions can not be a matter 
of chance. The probabilities of simple 
conformity in order are 1 to 120, and the 
feet that tlmse relations nearly conform 
to a rule of imtportion as^ shown by 
curve practically (bcoludes the possibil- 
ity of chance, and by giving virtual 
proof of a rdationship of size and 
den^ty suggestB conditions of matter 
under oomprsssiaa and heat very differ- 


ent from those with which we are 
familiar. 

Our knowledge through experimenta-> 
tion of the compression of materials can 
only go to degrees corresponding to 
depths in the earth of thirty or forty 
miles, and we can have little knowledge 
concerning the effects of high tempera- 
ture under high pressure conditions. 
Such experimental knowledge as we 
have of these conditions might not sug- 
gest the possibility of sueb differences as 
exist, but the fact that certain sub- 
stances, of which phosphorus is an ex- 
ample, are known to be greatly changed 
by compression is highly sig^cant in 
this connection. Great pressure and 
heat may have unknown relations to 
matter which may influence radio activ- 
ity and changes of the elements. What- 
ever may be all the unknown causes of 
these differences of density, their con- 
formity in sequence to the sizes is a 
highly significant and interesting fact, 
and it tends to give support to such a 
theory of upbuilding as has been out- 
lined above. It would seem to indicate 
that the average of material is the same 
in all the bodies and that the difference 
is one of compression or some change 
resultant from heat and compression, 
both of which are dependent upon size. 
If the materials of the different bodies 
were appreciably different, this con- 
formity in order of size and density 
would probably be interfered with. If 
separate large masses had been thrown 
off it might be expected that they came 
from different depths, dr for some other 
reason might be of different material. 

With such relations of condition in 
vie^, we might expect that the forma- 
tion of tlie d^eient planets was similar 
in character ' to that of the moon and 
that much might be learned coneeming 
the upbuilding of the earth through 
examination- of the many markings 
whi4h we so clearly see on the face of 
the moon. 

There are, however, very good reasons 
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why we should not ezpect to find condi- 
tions here on the earth at all like those 
of the moon. A body falling into- the 
earth in its present condition will gen- 
erate something like six times as much 
heat as it would if it fell into the moon, 
and even in the moon appearances 
would indicate that the heat was suffi- 
cient to fuse the body and much other 
material about the region of its entrance. 
The vast heat produced in the case of a 
body entering the earth would cause 
temperature conditions which it is dif- 
ficult for us to imagine and which pre- 
sumably have wrought great changes in 
the character of the earth’s material, 
and which also have driven out gases 
which are now in part represented by 
its atmosphere and by the water of its 
oceans. 

In the moon the heat of upbuilding 
being relatively small a vastly less pro- 
portion of the matter involved would be 
discharged as gas and the moon should 
have little atmosphere and little water 
on its surface. It should, however, be 
remembered that the almost complete 
absence of atmosphere and water on the 
moon may be more apparent than real. 
The lunar night being half a month long 
a very intense cold must develop by 
radiation soon after the sunset and this 
cold side of the moon will act as a great 
condenser to whiqh the moisture will 
constantly recede from the surfaces 
heated by the rising sun. 

Atmospheres or the Moon and Earth 

There seems to be a good deal of un- 
certainty as to the quantity of atmos- 
phere on the moon. Prom observations 
of the refraction or absence of refraction 
of stars passing behind the moon’s edge 
it has been estimated that it could not 
be more than one four thousandth of the 
density of that of the earth. If it had 
the same quantity of atmosphere in pro- 
portion to its weight the ratio of densi- 
ties would be about 1 to 24. 

Pickering has observed various evi- 


dences of atmosphere on the moon and 
some doubt has been raised as to indioar 
tions of refraction measurements under 
such conditiona Following the reason- 
ing given above we might expect a very 
small atmosphere on the moon even if 
we do not assume that it has gradually 
lost its atmosphere, as has been thought 
probable by some students of the 
subject. 

In the present state of the moon, with 
a night 250 hours long, the light side 
must be hot and intensely dry and the 
dark side very cold and presumably cov- 
ered with snow. Such water as there 
may be is presumably seldom or never 
in a liquid state, being either suspended 
in the atmosphere in a highly expanded 
state or deposited as snow or frost 
crystals. 

The nature of the action which may 
have caused the materials of which the 
earth was built to give up the water of 
the oceans and the gases of the atmos- 
phere is probably very difficult for us 
to estimate, since it seems probable titot 
the conditions which brought these 
changes about are far beyond the s^pe 
of our experimental possibilities, but we 
know that heat can drive quantities of 
water from various solid and crystalline 
substances. 

If the accumulation of the earth’s 
matter was as suggested above it was 
originally collected in a relatively cold 
state, all the small constituent parts hav- 
ing been cooled by radiation previous to 
their collection. Such loose opllection of 
smaller bodies might involve substances 
in various forms of combination and 
capable of great change when subjected 
to great heat and compression. It is not 
difficult to account for the production of 
the water, carbonic acid and o^gen 
found on the earth since these might 
have been driven by heat from such 
materials as we find in the ancient crjrsn 
taUine rocks, but it seems less easy to 
account for the nitrogen, f he only 
nitrogenous compounds which we ltdm 
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have preromably drawn their nitrogen 
from the air. It is, however, reported 
that nitrogen is discharged from volca- 
noes and large quantities of it have come 
from certain deep well borings. It may 
have been present in the matter of which 
the earth was formed and have been 
eompletely expelled by heat from the 
rocks which we can observe near the sur- 
face of the earth. The relatively little 
heat generated in the formation of the 
moon might account for its production 
in much less quantity there. 

Heat oenebated by Falunq 

If a body 500 miles in diameter made 
of such substance, for example, as gran- 
ite were laid upon the surface of the 
earth without previous acceleration, its 
matter would sink into the earth; its 
parts falling an average distance of 250 
miles. The heat generated would be suf- 
ficient to raise the temperature of such 
a quantity of granite about 8,000 deg. F. 
Such heat, however, would not all be 
delivered to the falling matter itself. A 
very large proportion of it would be 
generated in a large volume of earth 
material under and around the point of 
entrance and, since every part of the 
earth’s mass would be moved to some 
degree, some of the heat would be dis- 
tribute through the earth ’s material. 

If such a body entered the earth by 
gravitation through the accident of 
orbital motion bringing them together 
the conditions would be very different, 
since the body would have a high veloc- 
ity when it came in contact with the 
earth. This velocity would depend more 
or less upon the -acddent of relative 
motion. The marks on the surface of 
the moon indicate that the bodies have 
entered in dirCotums nCarly normal to 
the surface, which would indicate a con- 
siderably accelerated velocity, and it 
might Iw expeeted that bodies entering 
the moon or earth would enter with 
Toloeities omrecponding to those of fall- 
ififf asyema thcranand niUes. If we as- 


sume that they have fallen into the moon 
from distances of 3,000 miles the degrees 
of heat which should be produced' ap- 
parently agree approximately with the 
degree of fusion in^cated by the appear- 
ance of the moon’s surface. In the case 
of the earth the velocity of entering and 
the heat produced would be many times 
greater, but still it is believed that the 
superficial effect would be local, although 
other portions of the earth’s surface 
would be much affected by the putting 
into the atmosphere of vast quantities of 
steam and gases. 

The appearance of the surface of the 
moon would indicate that few, if any, of 
the bodies which had entered it exceeded 
700 miles in diameter. The largest of 
the planetoids are thought to be not 
mpre than four hundred miles in diame- 
ter and it seems reasonable to assume 
that most or all of the bodies which may 
have come into our earth during the later 
ages of its life may not have been very 
large. 

Gbowth of the Eabth 

Following such reasoning we would 
picture to ourselves an earth at one re- 
mote time similar in size, density and 
surface conditions to the present state of 
the moon. The space near the orbit of 
this smaller earth would be more or less 
occupied by bodies of various sizes, all 
operating in independent orbits with 
various degrees of eccentricity as in our 
present belt of planetoids. Each of 
these smaller bodies would be tend^ to 
sweep its orbital space clear of bodies 
smaller than itself. 

From time to time, at longer and 
longer intervals, the orbits of some of 
these bodies b^g infiumeed by the 
earth and oth^ planets would lead them 
into or near to the earth’s path, so that 
the earth’s attraction would cause them 
to fall into it> The rdation of motion 
mi^t be such &at, histead of falling ^ 
the smaller body wodM become a satd* 
lite end the satellites of tiie different 
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planets may be taken as examples of the 
unit of material of which the later 
growth of the planets was made up. 
The moon is presumably simply a large 
example of these which once operated as 
an independent planet and may have 
joined the earth at a relatively late 
period of its life. It now always faces 
the earth as Mercury is believed to face 
the sun. We might expect that they 
would both retain some part of the diur- 
nal motion which they should once have 
had, but they have been situated as at 
present long enough for tidal forces to 
stop it, so that they hang in equilibrium 
like pendulums which have come to rest. 
Some lack of symmetry in their compo- 
sition presumably contributes to this, 
and bodies built as we have imagined 
might be somewhat uns 3 mimetrical, since 
the most heated portions might be of 
different density. Whether an unsym- 
metrical body would have more tendency 
to establish equilibrium under such con- 
ditions is not established but seems 
probable. 

If we assume such a growth as the 
appearance of the moon surface would 
suggest, we must conclude that later 
additions to its bulk were probably of 
diameters as large as from 500 to 700 
miles and that their entrances were pre- 
sumably separated by vast periods of 
time. During these periods complete 
stability would be established in the 
earth and organizations of life would 
presumably go on. Each of these peri- 
ods would be terminated by a great 
change when some new body plunged 
into the earth ^s mass. To portions of 
the world not directly involved the 
effects of such an occurrence would be 
largely climatic. The diurnal period 
and the position of the poles might be 
slightly changed; great quantities of 
vapor and CO 2 gas would presumably be 
put into the atmosphere, geographical 
changes might greatly affect ocean cur- 
rents and other conditions which influ- 
ence climate. Changes of level would 


flood or drain portions of continental 
areas. Quantities of solid matter would 
presumably be thrown out by the effects 
of extreme heat near the surface but 
such effects would be local. Prom larger 
planets some matter might be thrown out 
with sufficient velocity to cause it to 
escape from the parent body and such 
actions might account for the comets and 
meteorites which inhabit our solar sys- 
tem, but which have no definite relation 
to the general plane of its rotary motion. 

An interesting fact suggestive of this 
theory of meteorites is that they are 
composed largely of iron. The rocks of 
the earth contain large quantities of iron 
in chemical combination with other 
materials and it might be expected that 
very intense heating would drive off 
quantities of iron vapor. Since such 
discharges of metallic iron which were 
scattered on the earth or in its atmos- 
phere would be rapidly corroded and 
absorbed by water and later deposited in 
sedimentary beds we might conceive that 
such conditions could explain large de- 
posits of iron ore in certain places. 
Such deposits seem to suggest an origin 
very different from any present-day 
rock disintegrations. 

It seems highly improbable that any 
such occurrence could destroy all the life 
on the earth. It might destroy all of 
some kinds of life but in most kinds of 
life, even on the land, there would be 
remnants which by seeking higher alti- 
tudes or other migrations could escape 
entire destruction. 

The region where the new body en- 
tered would be completely fused and 
would fall to a low level and would in- 
variably be covered by the ocean, so that 
such places can never be subject to our 
examination. Our continents are the 
parts of the earth's surface which have 
not been so hit in the more recent ag^ 
of its growth. Their materiiil may be 
much the same as parts of the moon, 
except that erosion has amoved tlm tu 
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faee to great depths and taken away all 
superficial signs. 

Yolcanobb and Earthquakes 

It has generally been thought that the 
pits on the moon’s surface were volcanic 
craters and that the moon had been the 
scene of extreme volcanic activity. The 
writer’s belief is that the moon has never 
had a true volcano of appreciable size. 
If we follow the general assumptions as 
to conditions here outlined we might ex- 
pect that volcanoes, earthquakes and also 
gradual changes of level and upheavals 
of mountain chains would result from 
the gradual cooling of hot masses of ma- 
terial at and under points where foreign 
bodies had entered the earth. Such cool- 
ing, which, due to the very slow rate of 
heat conduction, would extend through 
mi^ions of years, would cause changes 
of volume and density which would cause 
gradual readjustments of level. 

While the earth in its highly com- 
pressed condition shows evidences of 
great rigidity it is known to yield to rela- 
tively small pressures. It has been re- 
ported that stakes to which the Eskimo 
once tied their kyacks can be seen twenty 
feet below low water mark on the coast 
of Greenland, indicating that the ice cap 
a few miles thick is pressing the conti- 
nent gradually into sea. It is also 
known that in our last glacial period the 
ice caused depression of the region north 
of the Great Lakes and that it subse- 
quently rose again after the ice had gone. 

Such a cooling and shrmkage as is 
here imagined would presumably tend 
to cause cracks or lines of pressure re- 
lease which would result in volcanic ac- 
tion. The interior of the earth is pre- 
sumably made up of a variety of sub- 
stances in places much heated, and held 
toiler ottljr by pressure. Anything 
lil^ a crack or vent in such places must 
result in volcanic discharge. 

Theories have been propounded that 
the earth was once a uniformly heated 
ni^lten ihaae has t^adually cooled 
^ foan a 0]^ which though shrinkage 


of the interior is subject to occasional 
disturbances of the surface. Such * a 
theory to the writer seems wholly un- 
tenable and utterly inconsistent with the 
fact that we have continental, elevated 
areas and vast depressed and relatively 
level ocean floors, and that we have vol- 
canic action only in certain regions gen- 
erally quite near the ocean. 

There have been many other theories. 
One that the moon came out of the 
Pacific Ocean; another that the conti- 
nents floated apart on a sea of molten 
material ; another that ocean floors were 
made by outpourings of molten lava 
both here and in the moon. All these 
seem to the writer utterly inconsistent 
with the facts and with the laws of phys- 
ics, while the general assumptions made 
in this paper seem to fit them pretty well. 

Geological Record 

The writer of this paper can not pre- 
tend to enough specific knowledge to 
form any very definite idea as to how 
this general theory may agree with the 
geological and paleontological record. 
To form a just opinion on such a subject 
would require much study and a careful 
separation of existing theory from estab- 
lished fact. Speaking generally it would 
appear that there is much in these rec- 
ords to support such a theory. It has 
been said by geologists that the world 
began its recorded history with a sparse 
atmosphere and relatively little water, 
and that it has been through a long suo- 
cession of mountain elevations and sub- 
sequent levelings by erosion, of aridity 
and extreme priBcipitation, of tropic^ 
heat with a heavy carbon bearing atmos- 
phere and of widespread glaciation. 
These wide changes from one condition 
to another have repeated themselves in 
many cydes from very early times, and 
descendants of tke living creatures of 
one eyde have generally survived in a 
more or less changed form in the neort. 

Professor Lull hail described a Pulse 
of Life,” showing that the evolution of 
new forms and tiie d^pearan^ of 
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older types has generally conformed in 
time with these great physical changes 
in the earth and its atmosphere. Such 
conditions seem to agree pretty well with 
successive disturbances at very long in- 
tervals of time by such causes as have 
been here assumed. 

In the writer 's first paper on this sub- 
ject, which is mentioned above, the idea 
was suggested that the world at that 
time, being smaller with a less force of 
gravity, might have accounted for the 
great size of some of the large dinosauria 
and for the fact that jumping was then 
in vogue among very large creatures, 
while it is now confined to relatively 
small ones. The evolution of flight was 
also mentioned in this paper and it was 
suggested that a lesser gravity, as well 
as a denser atmosphere, may have helped 
it. The evolution of flight under exist- 
ing conditions seems inconceivable be- 
cause a creature would require a very 
highly developed mechanism before the 
air could appreciably help it to overcome 
gravity. 

If this theory of growth were cor- 
rect, there would have been a change of 
size with these changes of condition. 
Whether such change of size might have 
been great enough to cause an appre- 
ciable change in gravity is a question 
which we should not attempt to answer 
without a very careful study of evidences 
and of the quantities involved. 

The interesting fact in this connection 
is that all the marvelous changes in evo- 
lution have evidently been associated 
with very radical changes of condition. 
For such changes this theory of upbuild- 
ing alone seems to afford adequate ex- 
planation. What else could cause a sym- 
metrically cooling earth to change from 
conditions of relative sterility with pe- 
riods of glaciation to such a condition as 
is shown in the coal measures, and later 
to change back again to such conditions 
as are known in recent timef What 
could have produced the level and ap- 
parently homogeneous condition of the 
ocean beds and the smooth level areas on 


the moon which have been called oceans f 

It would appear that all such phe- 
nomena might result from collisions of 
the earth with bodies of such size as are 
indicated by the markings on the face 
of the moon, or such as are known to 
now exist in the belt of planetoids and 
in the satellites of the various planets. 

It must be borne in mind that the con- 
tinental land bodies of the earth are by 
this theory the parts which have not been 
entered by bodies in relatively recent 
times. Otherwise they would not be con- 
tinents but would be covered by the 
ocean. We should expect, however, that 
in very remote times these also have been 
hit by smaller bodies with less velocity 
and, although great quantities of ma- 
terial have been eroded from all sur- 
faces, we might expect to find large areas 
in which the rock was of a newer and 
different character and that some of 
these areas might be found to be of a 
generally circular form. 

The shape of ocean bed areas on the 
earth do not seem to indicate, as in the 
case of the moon, that they might have 
been formed by the entrance of spheres, 
but the covering of water would natu- 
rally greatly change the outlines, and a 
greater gravity with less degrees of ele- 
vation would make such markings less 
apparent. 

There is one geographical feature on 
the earth which might suggest an origin 
similar to that of the partially circular 
ridges on the moon — that is the fact that 
the Aleutian Islands are arranged in an 
almost perfect circular arc — a strange 
fact, since nothing of the nature of a 
circle exists elsewhere in natural objects 
except for a definite reason. An inves- 
tigation of conditions in that r^ion 
might establish a relation between this 
fact and the theory stated in this paper* 

The ideas and opinions here stated are 
not given as established truth but idippljr 
as suggestions as to reasons and relations 
which might justify careful studjr 
comparison. 
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Sbx, its various phenomena and par- 
ticularly the possibility of its control or 
determination, has intrigued the human 
race apparently since the beginning of 
thought. Religions have been based 
upon it and innumerable attempts have 
been made to explain the why and 
wherefore of male and femaleness as well 
as to influence the proportion of the two 
Kxes. There are now said to be over 
five hundred theories of sex determina- 
tion, all of which have been additions to 
the hypothesis proposed by Drelincourt 
in tlie eighteenth century and put forth 
together with a review of what he termed 
two hundred and sixty-two '‘groundless 
hypotheses." As a subsequent writer 
pointed out, nothing was more certain 
than that Drelincourt 's idea formed the 
two hundredth and sixty -third. So on 
down to the present day, man, able to 
oontrol so many features of life, has con- 
stantly attempted to get at the basis of 
tile fundamental phenomena of sex. As 
there are but two sexes the laws of 
chance will operate in favor of any 
theoiy 50 per cent, of the time and great 
tilings have been heralded by the pro- 
posers of various explanations deduced 
from isolated or selected instances. 

In general two methods have been used 
in the more recent studies of the basis 
of sex differentiation, one being an 
anaiiysis of the functional or physiologi- 
oid problems involved, the other being a 
Btu^ of the structural or moridiologi- 
cal charaoteristios associated with sex. 
tJadier the flrst beading nu^ be grouped 
ikQ tile expittisients dMling with eastra- 
with the secretion of the sex glands 


and their effects on other tissues, the 
chemistry of the sex cells and with the 
various attempts to regulate sex ratios. 
The morphologists concern themselves 
with studies of the microscopic anatomy 
of the two sexes and with experiments 
breeding. It is perhaps unfortunate that 
the members of one group have, as a rule, 
relatively little first-hand knowledge of 
the results obtained by those in the other 
field and vice versa with the consequent 
retardation of the achievement of the 
finS solution. Although I may be open 
to a criticism of personal bias, it may 
be claimed that the morphologists in the 
past have perhaps erred less in this re- 
spect than have the physiologists. Hap- 
pily the two groups are now finding 
their mutual information useful and are 
drawing more closely together. 

Of the various physiological studies 
on sex that have been carried on those 
of Whitman and Riddle on pigeons are 
of outstanding interest. Sex, according 
to them, is a function of the metabolism 
of the egg; eggs with a comparatively 
high rate of metabolism develop into 
males, while females result from eggs 
of lower developmental energy. These 
modem observations are strikingly simi- 
lar to the not uncommon conception of 
males being the product of a "strong" 
germ and the opposite sex arising from 
a "weaker" one. The physical and 
chemical condition of the egg seems to 
be a factor in the determination of sex, 
for maleness seems invariably to be as- 
sociated with a high percental of water 
and a rather low percentage of fat and 
phosphatides. The opposite conditions 
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are found in female-producing eggs. 
These results get considerable support 
from the studies of other workers on 
frogs and toads where it was found that 
(for frogs) when the eggs were overripe 
and a large amount of water had been 
absorbed by the egg before fertilization 
practically 100 per cent, males resulted, 
while the withdrawal of water from the 
eggs of toads before fertilization had oc- 
curred produces about 90 per cent, of 
females. Riddle has been able, by alter- 
ing the physical conditions according to 
the observations outlined above, to re- 
verse the sex of the egg and consequently 
that of the animal which would arise 
from it, which is an exceedingly impres- 
sive demonstration of the working out of 
his theories. Before, however, we fur- 
ther consider the more or less purely 
physiological account of sex determina- 
tion let us see something of the morphol- 
ogists* side of the story. 

During the last thirty years an enor- 
mous amount of data has accumulated 
that indicates practically beyond ques- 
tion that the sex of the future animal is 
decided at the time the two germ cells 
unite. This is brought about by all the 
germ cells produced by one sex being 
alike, while those produced by the op- 
posite sex are of two classes — ^male and 
female determining. When a male- 
determining cell unites with the neutral 
gamete of the other sex a male develops 
and vice versa. Sometimes it is the 
female that is monogametic (that is, pro- 
duces but one type of germ cells) and 
again it is the male. The former case is, 
as far as known, much more common 
than the latter. Man, as an example, 
produces two kinds of sperm and but 
one kind of egg, while in birds the re- 
verse is true, the female producing two 
kinds of eggs and the male only one type 
of sperm. Both the microscopical and 
the breeding evidence demonstrates this 
convincingly. 

As the only connection between par- 


ents and offspring consists of the 
scopic germ cells obviously all hereditaty 
possibilities must be carried by them. In 
these cells are minute bodies known aa 
chromosomes, which because they are 
the only obvious material in the germ 
cells that is contributed in equal quan- 
tities by both parents and because of the 
extraordinarily accurate mechanism that 
exists for its exact division and distribu- 
tion to all the cells of the body, are be- 
lieved to be the carriers of the hereditary 
characters. Some of the interesting fea- 
tures of the chromosomes are their con- 
stancy of number in a given species of 
plant or animal, and their constancy of 
shape, which, small though they are, 
makes the recognition of in^vidual chro- 
mosomes within a species readily pos- 
sible. Since sexually produced animals 
are the results of the union of two cells 
contributed by the father and the mother 
the chromosome contribution from each 
parent must theoretically be and actually 
is the same. Bach parent has passed on 
half of the chromosomes found in the off- 
spring and each one of these bodies that 
came from one parent has been shown, 
with the possible exception of the chro- 
mosome associated with sex, to have a 
counterpart or mate in the series of 
chromosomes that have come from the 
other parent. So all the chromosomes of 
the cell, like the fabled animals of the 
Ark, go in two by two. As constanqy 
of chromosome number is a character- 
istic of species there must be some mech- 
anism to control the number or else it 
would tend to double at each generation. 
This mechanism is found in the develop- 
ment of the germ cells where, before they 
become mature, the number of chromo- 
somes is reduced to one half. Conse- 
quently, when egg and sperm, each pos- 
sessing half the usual number of chrcnno^ 
somes, unite the entire number typioal 
of the species results. 

A most important clue to the impels 
tance of chromosomes was brought edt 
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in the discovexy in 1902 by Dr. C. E. 
MeClong that male grasahoppers, during 
the period of the reduction of the chro- 
mosome number, produced two kinds of 
spermatozoa, one of which had one more 
chromosome than the other. Since these 
classes of sperm were produced in equal 
numbers it suggested some relation to 
sex and subsequent work substantiated 
the hypothesis. The females were found 
to produce only one kind of egg, all of 
which contained the same number of 
chromosomes. When the spermatozoon 
possessing the extra chromosome united 
with an egg the combination resulted in 
a female as the typical chromosome 
makeup of a female was produced. 
When, on the other hand, one of the sec- 
ond class of sperm, which lacked the 
extra body, mated with an egg a male 
was the outcome, as the chromosomal 
conditions associated with maleness were 
restored. In this particular instance 
the total number of chromosomes of the 
female was one more than that of the 
male. 

The differentiation of the male and 
female determining germ cells occurs 
during their development or maturation. 
At this time the sex chromosome which, 
unlike the other chromosomes of the cell, 
is frequently without a mate, passes 
bodily into one of the daughter cells dur- 
ing one of the divisions that takes place 
in this proeeas, leaving the other cell 
without a sex chromosome but containing 
all the others. The reduction of the 
chromosome number during germ cell 
devdopment may be illustrated some- 
what as follows: 

▲—the matenial sad pateraal eliromoaoaes 
other than tbo one aaaoeiated with aes. 
Z— 4ha atx diromoioisa which la paired Uke 
the other ehromoaoiiMS la the female but 
la alhgle ta lie mala. 

0— the abaMha of a sax ohronMaome or of the 
mate of (he aax ohromoaome la the aiale. 


Full number of female Full number of male 
ehromoaomea ehromoaomea 

AA ZX AA ZO . ‘ 

Bedueed No. 1 Bedueed 

ehromoaome / A Z chromoaome 

number of A Z No. 2 number of 

female- \ AO male- 

mature egg. mature aperm. 

Union No. 1 produeee— AA XZ — female. 

Union No. 2 prodneea — AAZO — male. 

Femaleness is, in this example, asso- 
ciated with the cells of the animal con- 
taining two “X” or sex-chromosomes 
and maleness with but one. The mor- 
phological behavior of these so-called sex 
chromosomes has been found in complete 
accord with the mode of inheritance of 
such sex-linked characteristics as color 
blindness. This abnormality tends to be 
associated almost wholly with the male 
sex and to be transmitted through the 
daughters, who fail to show it, to their 
sons. 

A similar situation regarding sex de- 
termination has been found in other ani- 
mals, including man, ».e., an odd chromo- 
some associated with maleness and a pair 
of chromosomes with femaleness. In a 
few oases, although the principle is the 
same, the mechanism is reversed and it is 
the female that produces two kinds of 
eggs and the male bnt one type of sperm. 
The discovery of such oases has given 
very material support to the chromosome 
hypothesis of sex determination. The 
domestic fowl is the most recently stud- 
ied form that falls into this class, and 
it has been found that in these birds 
female has only one of a certain chromo- 
some while the male has two. This re- 
sults in two kinds oi eggs and one type 
of Sperm or just the opposite to the con- 
dition found in man and other forms. 

The above account has sketdiiily out- 
lined two broad fields of investigation on 
sex determination, the results of which 




Tbst-Figtjee 1. (Taken with alight modiftoation from the Jowmal of MorphoU>gy.) A dia- 
grammatic representation of the chromosomes of the domestic fowl in relation to the two eexee 
and to their behavior during the development or maturing of tho germ eella. The small figures 
within the circles represent the chromosomes and those drawn in eolid black are the onee con- 
sidered to be associated with or directly instrumental in the determination of eex. The ^'celle’’ 
at the top of the diagram contain the chromosomes in full number as found in all the eeUe of 
the body and in the immature reproductive cells. Before they become functional as germ cdls 
the chromosome number must be reduced to half as described in the tesct. It can be seen that, 
of the mature germ cells, the male cells or spermatids are all alike in posseaeing one black ps sen 
chromosome while in the case of the female cells half have the black chromosome and the other 
half lack it. The possibilities of union are illustrated by the connecting lines. This diagram 
would fit the conditions known to exist in humans if the colnmn of eelle called be 

labeled ^ ' Female ’ ’ and oice versa, la either ease the principle ia identical. 
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to date would seem quite antagonistic 
and are indeed so claimed by some. In 
the one case we find sex apparently con- 
trolled by certain obvious physical and 
chemical characteristics and in the other 
by a microscopic anatomical mechanism, 
the chromosome, whose behavior is so 
marvelously constant and which fits in 
so perfectly with genetic data. Which, 
if either, is right f 

Certainly the evidence for the chromo- 
some hypothesis, impressive though it is 
through furnishing a basis on which 
genetic results may be predicted, is still 
presumptive and is lacking in a genuine 
demonstration of the potency of these 
minute bodies- This possibly is less dis- 
tressing to those who are best informed 
about the physical behavior of chromo- 
somes than it is to the opponents of the 
theory. It has frequently seemed to the 
writer that these opponents have usually 
failed to recognize the fact that while the 
chromosome students must necessarily 
refer to the objects of their consideration 
as definite and visible entities, they have, 
never lost sight of the fact that the chro- 
mosomes can not possibly act as units 
but only through the chemical possibili- 
ties they carry or even, from an extreme 
point of view, are the result of. While 
the evidence is strong for the mainten- 
ance of their individuality and con- 
stancy it is not unreasonable that a 
change in environment might cause a 
reaction in the chromosomes that would 
make itself obvious in hereditary altera- 
tions. It would be a brave cytologist 
who, with our present knowledge in 
mind, could think otherwise. Since the 
cytologists, because of their lack of any 
real biowledge of the subject, have gen- 
erally neglected to stress their concep- 
tions of the physiological behavior of the 
chromosomes, the physiologists have 
tended to underrate their probable im- 
portance. On the other hand, such work 
aa BiddOte’Si eaiefuUy done and extensive 


as it is, will be the more satisfactory 
when the other side of the story of his 
pigeons — the chromosomes — ^is known. ' 
Of interest in this respect are Dr. 
Riddle’s' own views of the hypothetical 
place of the chromosomes in sex deter- 
mination : 

The baeio faet is that the two kinds of germs 
are differentiated by the degree or level of 
their metabolism. When either of these two 
kinds of germs is forced experimentally into 
the production of the opposite sex, the level 
of its metabolism is shift^ to the level char- 
acteristic of the germs of the opposite sex. 
While the chromosomal correlation is here 
forced to failure the metabolic correlation here 
persists. The chromosomal constitution is not 
an efficient cause of sex; it is but a sign or 
index and possibly an assistance in the normal 
maintenance of that which is essential — 
namely, two different metabolic levels. But 
the requisite metabolic level of the germ may 
be established in the absence of the usual or 
appropriate chromosome complex, and the sex 
of the offspring made to correspond to the ac- 
quired grade or level of metabolism. 

Doncaster* expresses the morpholo- 
gists’ beliefs in a way that differs from 
the above possibly only in the slightly 
greater importance assigned the chromo- 
somes: 

Tb? general conclusion would thus be that 
sex is dependent on a physiological condition 
of the organism, a condition depending on the 
interaction of certain chromosomes ^th the 
protoplasm of the cells, and therefore deter- 
mined, in the absence of other disturbing fac- 
tors, by the presence or absence of these par- 
ticular chromosomes. If the difference between 
the chromosomes of the male and female is 
considerable, it will outweigh any other in- 
fluences which might tend to affect the gen- 
eral result; every oeU of the body will have 
either the male or female condition, and no 
external agency will be able to affect either 

1 Biddle, O. 1017, ««The Theory of Bex ns 
stated in Terms of^ Results of Studies on 
Pigeoni," ButXNGK, XLVI, 10. 

> Doncaster, L. 1014. ^ ‘ The Determination 
of Sex,*' Cambridge University Press, p. 144, 

* Lipschiita, A. 1024. * ' The Internal Seere* 
tione of the Sex Glands." WUliama and Wil- 
kine Oo.| Baltliiiprs. 
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the ses or the seeondaxy eexual characters. 
This eoadition is especially characteristic of 
the Insects. When the difference between the 
chromosomes of the two sexes is less, but still 
sufficient to outweigh the effects of moat en- 
vironmental changes, the difference will usually 
be sufficient to turn the scale decisively to one 
sex or the other, but the secondary sexual char- 
acters will be less dependent on inherent dif- 
ferences in the tissues of the animals, and more 
on the influences exerted by the secretions of 
the sexual organs. This is the condition found 
in Birds and perhaps lees markedly in Mam- 
mals. Finally, when the chromosome-differences 
between the sexes are still smaller, they will 
only be able by themselves to determine sex 
when no other causes influence the chromosome- 
protoplasm relation; if this relation is affected 
by other agencies, it becomes possible for an 
egg which would otherwise have been a female 
to develop into a male. This nearly evenly 
balanced condition is best known in the Am- 
phibia, but there are indications that it is ap- 
proached by some mammals. 

We have reviewed the current opinions 
of the determination and control of the 


most important organic attribute — sex* 
One group of workers believe that male- 
ness and femaleness are the result of the 
physiological condition of the egg, while 
the other group finds the sexes to be con- 
stantly associated with particular minute 
intercellular bodies, the chromosomes. 
The latter group agree that these par- 
ticular chromosomes are concerned in 
some way with the physiology peculiar 
to the sex they are associated with, while 
the former believe that the physiology of 
the egg may at times counteract or in 
some way influence the function of the 
chromosomes. To the writer the chromo- 
some hypothesis seems to be a bit better 
established, although the final conclu- 
sions may very well include the essential 
facts from both fields of investigation. 
In any case we find ourselves in the year 
1926 still accepting the decisions of na 
ture in regard to current sex ratios. 



THE PASSING OF THE PROFESSOR 

By DEAN OTTO HELLEB 

WASHINGTON UNITIBSITT 


From the conning tower of eminent 
seniority I lately reconnoitered the 
academic field for the remains of that 
demolished institution, the college. Its 
site was marked by a disintegrating 
structure inclosed by a mixed assort- 
ment of decidedly new-looking build- 
ings, composing a ** general store” of 
knowledge called a university. The 
emporium teemed with young people, 
but most of them roamed about the 
premises like mere “window shoppers.” 
In place of the old attaches one noticed 
a scurrying sales-force gowned uni- 
formly in block brightened with the 
emblems of the various departments. 

I concluded that the old professor 
had perished together with the old col- 
lege. He passed out without pompous 
funeral, without necrologues, with 
hardly an obituary notice. I suspect 
an excess of absurd though not unkindly 
cartooning hastened his end. In self- 
defense against a world in flux he con- 
formed himself to his caricature and be- 
came a fossil — which under dictionary 
definiticm means “an organic body so 
situated in its surroundings as to be 
capable of indefinite preservation.” It 
availed him not. If the drop hollows 
the stone, how can a petrefact keep it- 
self afloat on the deloget 

I 

The modem college professor seems 
altered from the old pattern by some- 
thing more radical than the imper- 
ceptible workings of evolution. He is 
apparently of quite a different make, 
normal and homogeneous in appearance 
and udwUy devoid of that touch of 
freakidmesa which, after all, was an 
index of pexBonallty. Full regalia seem 


but to advertise him as a “quantity 
product” and do not cover up his 
family resemblance to those prouder 
cousins who do business on the Rialto. 
This explains the ardent admiration 
conceived by the Reverend William Sun- 
day for the species. When, for his 
countless battles for the Lord and vic- 
tories over Satan, that whirling Chris- 
tian dervish was created a doctor of 
divinity by the University of Pennsyl- 
vania, he took one look at the galaxy of 
magnificoes and then, dropping on his 
knees, gave heartfelt praise to their 
Maker: “0 Jesus, what a wonderful 
bunch of men!” 

Go at the noon hour to the pastures 
of the Elks, the Moose, the Buffaloes, 
the Bulls and the Bears, and I defy 
you to spot the sporadic professor among 
his Loyal, Benevolent and Protective 
Brethren. Formerly he was alien to 
their lairs, now he is hail fellow well 
met there. They did not use to invite 
the “highbrow” in, for they felt un- 
comfortable in the company of literary 
aspirations. Nowadays, the bookish in- 
terests of the collegian run much the 
same way as theirs; to the volume of 
business. He frequently lectures to 
them — on the psychology of salesman- 
ship, by preference, or gives inspintr 
tional talks, perchance on Christ as a 
Rotarian, or on the human side of 
retailing. 

The townsman no longer shrinks from 
the encounter with the gownsman’s por- 
tentous erudition. Pedantry is the least 
of tiie current professor's failings. He 
bebaves quite like a plain oitisen and 
can talk ^ibly on topics dear to Kiwan- 
ian hearts: the' sporting page^ the lart 
quotations, the radio news, the golf 
31 
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score, the Saturday Evening Post. He 
has even learned to desist habitually 
from that fastidious use of the mother 
tongue singled out by President Eliot 
as the unmistakable mark of the edu- 
cated. Bad English comes as natural 
to him as to Mr. Theodore Dreiser, so 
that one is driven to repudiate the charge 
that this lack of refinement is merely as- 
sumed for protective coloration. Nor 
are the conversational tastes essentially 
different within the privacy of the set. 
Such things as literature, philosophy, 
art, science, music, the theater, are 
seldom seriously discussed save in prag- 
matical relations. Questions of a merely 
general connection, such as moral, phil- 
osophic, esthetic issues, are rarely aired 
among us. Unyielding controversy used 
to be carried on, in and out of our meet- 
ings, concerning educational matters of 
all sorts, broadly human as well as tech- 
nical. Now we rarely grapple with the 
more fundamental problems. The 
agenda of our conventicles gravitate 
about dreary points of routine; deeper 
educational aspirations and anxieties 
are a private concern and as a rule re- 
main a personal secret. The professor, 
singly, meets the most parlous moves — 
such as the fanatics’ attempt on the life 
of science, or the boor war against the 
humanities — with the fortitude of bland 
indifference. Hence in the aggregate he 
becomes a silent and dangerous partner 
in the business of uneducation: master 
of the arts of acquiescence and doctor 
of the philosophy of laissez-faire. Or 
do we ever put up a counter-offensive 
against the impudence of the enemy, 
ever raise our voices in concert in be- 
half of good taste and civilized think- 
ing f I ask, do we do that even under 
the stinging provocations of the Bab- 
bitts and the Bryans T The natural 
guess in reply to rhetorical questions like 
these is that in these times the college 
teacher himself may not be a developed 
specimen of cultured humanity. En- 
vironment and drcumstances'have made 


his mind business-like, matter-of-fact and 
almost closed to esthetic influences, while 
enthusiastically open to buncombe and 
balderdash. 

The old-time professor was often cate- 
gorically denounced on the outside as 
an '' academic snob,” not because he 
gave himself airs, but simply because 
he did not pretend to think and feel like 
a green-grocer or a manufacturer of 
chewing gum. To-day, a man ulllieted 
with “aristocratic” proclivities does not 
have to step off the campus for his cure. 
We strive to please the crowd and cap- 
ture its benevolence by imitation. Soon 
we become like our models. 

The modem professor condones un- 
couthness in the undergraduate because 
he himself is ordinarily deficient in social 
graces and beset with angularity and 
crudeness. He cares nothing for defer- 
ential consideration from his students, 
because, it must be remembered, he was 
not drawn into the profession by any 
anticipation of social delights. Himself 
a product of the “new education,” he 
can join in the popular rebellion against 
refinement without a sting of apostasy. 
Dignity demands reserve, and reserve 
goes with privacy; the live-wire profes- 
sor has neither. He works amid bustle, 
and his spirit is in full rime with his 
environment. A barrage of tjrpewriters, 
adding machines, card catalogues, filing 
oases and kindred paraphemalia of the 
educational industry does not protect 
him from constant trivial intrusion. 
Vendors of every time-payment com- 
modity from encyclopedias to carpet 
sweepers and from canned music to 
group insurance stream unchecked into 
bis sanctum and render his intellectual 
effort intermittent and desultory. 

The rapid infiltration of business 
ideals has produced in our circles a new 
set of ambitions. As those conversant 
with the ways of the world academie 
know, a professor’s standing in oSeial 
favor, and his chances of advance&ient, 
are greatly promoted by his footing in 



THE PASSING OP THE PEOFESSOB 


33 


the conunnnity. Eapeoially in urban 
universities the ideal *‘campua man” is 
likely to lose place to the better ” mixer.” 
The outside popularity of professors has 
erreat weight on the salary scale, and at 
some seats of learning its evidences are 
scrupulously booked and tabulated. 
While in earlier days a scholar was apt 
to be judged, not always wisely, by 
how much he published, he is now re- 
versely appraised by the publicity he 
draws to himself. Last year the prize 
man of a certain faculty bagged thirty 
thousand agate lines from rural news- 
papers, largely as the result of inde- 
fatigable speech-making at Grangers' 
meetings and Teachers’ Institutes. On 
the strength of this phenomenal ” ser- 
vice” his salary was raised $250 at a 
single stroke. 

These hectic activities do not alter the 
painful fact that the professorial chair 
as such functions as an insulator so far 
as important contacts go. Its occupant 
is compelled to channel his influence by 
indirection, through alien media. He 
is no longer a civic agent in the chemi- 
cal, but only in the commercial, accepta- 
tion. As such, he has naturalized the 
vocabulary of high pressure salesman- 
ship in his trade territory. The pro- 
fessor wants to make good, show results, 
sell his subject, deliver the gooda He 
joins lustily in the sloppiest slogans of 
commercialism and repudiates all claim 
to superiority over the hawkers of other 
wares; the more loudly he iirforms them 
that they are as good as he, the more 
they believe themselves very much better 
and treat him ^th marked condescen- 
sion. 

Far from mourning over the depart- 
ure of hk prestige, the professor hails 
it as a ^ppy omen, for it betokens to 
his prophetic soul '&e "lising tide of 
detQocraey” and heralds the advent of 
the ui^versal brotherhood of man. Now 
and then, to be sure, the hrethren in 
the other ursiks infUot a ehill on his 
eniour propre. Instance a oouple of 


recent ezperienoes of my own. In our 
quad of a Sunday a gang of plasterers 
were breaking the Sabbath — quite' 
gently, you may be sure — to the edify- 
ing ring of three dollars an hour. Maybe 
by the cut of my jib or, more likely, by 
the cut of my clothes, one of them 
guessed my humble station, and, seiz- 
ing on me as pretext for an intermission, 
asked some questions about the business 
I am in. I told him among other things 
that the average college teacher needs a 
dozen years to fit himself for a job, and 
that for a similar period he “pulls 
down” less than fifty dollars a week. 
“This gets my goat,” he condoled; 
“you fellers must be nuts.” 

And this I was told while on the road, 
incognito: “Take it from me, sir, eveiy- 
body who’s got any brains at all is after 
the almighty dollar — except them schol- 
ars and professors, I s’pose. But we’ve 
got over all that — ^there’s nothing to it.” 
It is consoling, after all, to be classed 
with the semi-intelligent, when one of 
our own order, writing last month in 
The Nation, declares us to be minus 
brains — and faith and courage to boot. 

Now and then I meet some one who 
has “outgrown teaching,” as he puts 
it with pardonable pride. Usually he is 
the holder of a high executive potion, 
either in the scholastic industry, or in 
some more frankly utilitarian business. 
Invariably these converts, whether eu- 
gineering some big educational establish- 
ment, or efflcienceering a dry goods con- 
cern, consider the change a promotion. 
One of my former colleagues was thus 
beguiled by the voice of the charmer: 
“Come on, Prof. You’re too smart for 
education. Take this job, and make a 
man of yourself.” The “Prof” came 
on. 

Thus, in diarply separated layers of 
society, little value is attached to the 
profei|ior and his oocupation. Even in 
the univenlities themselves those charged 
with administrative duties hold the 
favored places at the academic spread, 
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while the plain professor, the mere man 
of learnings sits below the salt, meekly 
playing his knife and fork without much 
friendly encouragement from those 
higher up. 

II 

For a moment let us dip into intra- 
mural sociology. As concerns the 
regents, or trustees, they are as a rule 
persons of great eminence in the busi- 
ness world, with hardly a bowing ac- 
quaintance with the corps of instruc- 
tion. As they belong by virtue of their 
circumstances to a sphere that barely 
glances the academic orbit, there can be 
nothing invidious in their aloofness. 

Heroically supersized in the com- 
munity's vision, they hover abstractly 
above the stage of action, thickening 
into human shape on certain public occa- 
sions, but never getting down from the 
serene height of their theologeion. Some- 
times they take an active interest in the 
financial welfare of the institution under 
their control. To the personnel they 
do not have to devote much care, if any 
at all. In privately endowed schools 
they are usually selected for their 
ability to contribute, liberally to the 
funds. In many cases they justify the 
speculation beyond the dreams of 
avarice ; sometimes, though, they do not 
come across handsomely, and enjoy the 
honor without giving any return. Prom 
the degrading influence of the lowbrow 
politician at any rate this class of in- 
stitution is almost entirely free. In 
state universities and ‘‘land grant'' col- 
leges, the regents are appointed mainly 
for political reasons and occasionally 
given to crude persistence that the uni- 
versity shall give the taxpayer what he 
wants. 

The recent enormous aggrandizement 
of the college president, as evidenced, 
for example, by his pompous installa- 
tion in office, I do not presume to ex- 
plain. Not so long ago, the president 
sat, so to apeak, on the same platform 


with the faculty, and his superiority 
was secured chiefly by spontaneous re- 
spect for his stature. To-day the presi- 
dent is not necessarily the biggest man 
in point of insight and inspiration. Con- 
sequently, the distance between the aca- 
demic body and its head has been 
stretched in some artificial fashion to 
give him a semblance of majesty. This 
could not be accomplished without push- 
ing his authority also to the peak, until 
his word is law within his domain and 
well-nigh gospel without. Layman and 
collegian alike magnify him until he ac- 
cepts himself at the fantastic value sug- 
gested by their homage. Is there any 
wonder, then, that this adulation has 
tended to make him arbitrary and dic- 
tatorial f At first, indeed, the apotheosis 
of the president completely turned the 
heads of some newcomers to the office. 
Delirant reges pleciuntur Achivi. A 
sudden reign of terror threatened to 
decimate the professorial ranks, and no 
lives were safe as duodecimo Mussolinis, 
like the rough-and-ready Benton of Ver- 
mont and Ayers of Cincinnati, laid 
ferociously about them to infuse new 
life into their schools by a massacre 
of the teachers. But the treat- 'em- 
rough method of university administra- 
tion so reduced the attractiveness of the 
profession that, almost literally, the 
supply threatened to run out. That was 
twenty, thirty years ago. The executive 
attitude that now obtains wisely takes 
the shortage of man-power into account ; 
consequently, under the newer dispensa- 
tion the professor is secure enough in his 
tenure so long as he pulls his load in 
bridle-wise fashion and does not kick 
over the traces. In the American uni- 
versity of to-day acceptance of the 
regime comes before loyalty to the insti- 
tution and to the cause of learning. 
Open criticism of the president is 1^ 
majesty and mutiny. There is of course 
very little of that, and the average pro- 
fessor holds back witb any opinions that 
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might antagonize the “administration.” 
It is a humiliating comment on the 
energy and initiative of our facul- 
ties that vrith us changes in educa- 
tion, beneficial or otherwise, are largely 
the work of determined presidents, 
whereas throughout Europe they are 
inaugurated by the teaching force. 
A ben trovato incident epitomizes the 
difference. During his term as rector 
of Berlin University, the great theo- 
logian, Adolf Harnack, is said to have 
presented President Wheeler, of the 
University of California, to the Ger- 
man Emperor with this speech: “Will 
Your Majesty graciously receive our dis- 
tinguished guest from the United States. 
He fitly bears the title of ‘Exchange 
Professor,’ since he comes from a mon- 
archy within a republic to a republic 
within a monarchy.” That this mon- 
archic form of government moreover 
leans heavily toward absolutism is chiefly 
the fault of the governed. The disunion 
of the teaching force, its lack of parlia- 
mentary sense and its disposition to let 
issues be swamped by details and causes 
by personal animosities, make a return 
to republican governance undesirable 
while the professor’s nature remains as 
it is. It almost looks as if a much greater 
centralization of authority might be 
needful to save the “higher” education 
— which just now justifies its name by 
being all up in the air. The titular ad- 
dress of a university president abroad is 
“Your Magnificence.” In this country 
we may yet come to address him as 
“Your Omnipotence,” without further 
detriment to the cause of education. 

The university president’s compulsory 
intercourse with we^th and power in- 
escapably affects his mode of living and, 
under Veblen’s theory of the “Leisure 
CfiasB,” involves him in pecuniary emu- 
lation. In the halcyon days of the Mc- 
Coshs, Gilmans and Eliots this tendency 
was inchoate, wd the ■ presidential 
mjbage was not markedly different 
froju the profeseorial. They held to the 


same standards of dignified and by no 
means inelegant simplicity. Therefore 
the president was seldom paid even 
twice the regular professor’s salary. 
Owing to the high cost of social import- 
ance to-day the disparity of the two 
types of pay is so great as to place the 
president and the professor on opposite 
economic and social footings; the one is 
merged in the mass, while the other 
dwells apart in regal grandeur. 

I am not making a special point here 
of the professor’s notorious impecuni- 
osity. On the whole, he is better off, not 
worse, than was his predecessor. And 
in announcing the latter’s demise, I did 
not blame his death on starvation. He 
was neither gourmand, nor gourmet, 
and all his tastes were frugal. In his 
raiment he was averse to splendor, if 
not always to shine. Yet he was not 
without his comforts and special lux- 
uries. He indulged in a good concert 
now and then and in a high-class play, 
in course of time accumulated a fine col- 
lection of books and once in a while 
contrived a trip to Europe. The lux- 
uries of conspicuous living which were 
beyond his reach he happened not to 
covet. So be got along on very little, 
yet maintained a high degree of social 
dignity in all relations. Far from 
grouching over his lot and his labors, he 
considered himself generously compen- 
sated by his position of honor in the 
minds of the people. True, he may have 
reasoned himself into this happy peaoe 
of mind by such romantic arguments as 
brightened Bishop F. D. Leete’s pastoral 
message to a recent Methodist Confer- 
ence: “The time has come” — quoting 
the right reverend gentleman literally — 
“when ministers are paid as well as the 
average layman, for their pay includes 
opportunity for intellectual improve- 
ment, possibilities for desirable friend- 
ship with God, Und the gratifications 
that come to thoM who render spiritual 
aid.” Or he my have remembered 
Plato’s more original prescript for the 
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elect: *‘As for gold and silver, we must 
tell them that they are in perpetual pos- 
session of a divine species of the precious 
metals placed in their souls by the gods 
themselves and therefore have no need 
of the earthly one.” Anyway, the peace 
of mind was there and in conjunction 
with the professor's temperate habits 
conduced to such a lengthening of life 
that in the eyes of Messrs. Andrew Car- 
negie and Henry S. Pritchett profes- 
sorial longevity presented a grave edu- 
cational problem. For which reason 
they persuaded Alma Mater to wean 
that overgrown child from her breast 
before a possible lapse into second in- 
fancy, and for the sequel relied on the 
lethiferous effect of unemployment doles. 
The well-hecked scheme foundered on 
the pensioner's tenacity of life and his 
ability to subsist on hopes, ideals and 
kindred inedibles. Progressively the 
rations were attenuated, to no avail. 
The trimming down of the Carnegie sti- 
pends appears to have been a standing 
order of business and possibly something 
of a standing joke, too, between the 
Laird of Skibo and his Grand Almoner, 
for the more the pension was enlarged 
upon in reports and circulars, the 
smaller it became. And still the old 
prof stubbornly held on and refused to 
pay his debt to nature. In sheer despair 
at being unable to kill him off, they 
lastly killed his pension. Even after 
that he stuck it out a little longer. And 
never a complaint did he utter. “The 
Laird giveth, and the Laird taketh away. 
Blessed be the name of the Laird.” 
Dear old soul ! 

The lesson of it is, you may separate 
a professor from his provender, but you 
can't starve him to death. And so he 
has to be led to heaven through another 
gate. The experiment under way is 
that of working him, or making him 
work himself, to death. He willingly 
submitted to the experiment, after swal- 
lowing the superstitious story about the 
American business man working fifty 


weeks in the year, six days in the week, 
and eight hours in the day, and taking 
with alacrity the hint that it was incum- 
bent on the American scholar to behave 
like the American business man. In 
theory the “teaching load” in the col- 
leges has not been increased, but in 
actual practice a professor, if his lines 
be cast in the academic hinterland, 
almost doubles his schedule in supple- 
menting his revenue by teaching in sum- 
mer schools, Saturday schools, night 
schools, correspondence schools, thus act- 
ing as gun-bearer to the devil in his 
devastating pursuit of scholarship. In 
very many cases a university teacher in 
the professional branches adds perma- 
nent or casual outside jobs to his scholas- 
tic duties. Yet it must be said in his 
favor that none of his multifarious tasks 
are taken lightly, and that he is held by 
his inherited conscience to a generous 
discharge of all his duties. How soon 
under such a burden he will wear him- 
self out is still an experimental question. 
In the meantime, sixty-five is the official 
nec plus ultra for the professor, while no 
statute of limitation is set upon the ser- 
vice age of trustees. Perhaps their re- 
serve store of vitamins is deemed a 
guarantee against senility. Or is, per- 
chance, no brain work required of themf 

Out in one of the Ohio road colleges 
the trustees perpetrated a grim joke on 
themselves, by account of a recent novel. 
The ablest man of the teaching force, 
having reached the retiring age while 
still in perfect physical and mental con- 
dition and being greatly in need of the 
income, petitioned for a prolongation of 
tenure. No, sir, said the trustees. We 
are sorry for you, but you are too old to 
teach. Your mind has lost edge for any 
real intellectual exertion. However, in 
recognition of your past usefulness to 
our beloved institution and to retain you 
in her service, we have elected you a life 
member of this board. 

I repeat that 1 can not regard the sal- 
ary question as th« omx of the proles- 
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sor’s social predicament. True enough, 
he did find himself in a sad economic 
plight during the war and right after. 
But since then a nation-wide support of 
his demand has borne fruit so that, un- 
der a bettered wage scale, he may brave 
the responsibilities of marriage in his 
middle forties and in his fifties may 
even contemplate paternity. Yet for the 
needs of dignified family life our salaries 
are still far from adequate. I am un- 
willing to concede that a competent uni- 
versity teacher should travel through 
life with a lighter purse than a public 
official of corresponding accomplish- 
ment — say a circuit judge ; their salaries 
ought to be equalised, that is, after the 
judge gets "boosted” to $10,000. In 
truth, the $10,000 professor is already 
on his way to school, and in a few places 
he has actually arrived. Those men are 
properly paid because they are, or are 
supposed to be, objects of competition 
between school and industry or between 
rival schools, or to have a choice between 
professing and practicing their knowl- 
edge. At all events, these few have 
raised the standards for their class in 
several important ways. Impoverished, 
labor-driven and humiliated educators 
can not function to much effect as fac- 
tors of public enlightenment. 

in 

I am far from arguing that our con- 
fririe is to be charged with dvio indo- 
lence. We work rather overtime for the 
public good. The professor is a fast and 
sealouB "joiner.” He pays his full 
dues in time and money to sodal, sden- 
tifle and philanthropic organizations, 
hobnobs with the politicians and belongs 
to most of the up-and-doing blather- 
bunds. In these connections he gener- 
ously does his chores> but contributM 
sparingly of his Ideas. He knows that 
tM true purpose of higher education is 
esoterjus and oaa not be openfy avowed 
in a demoeraey. It oonsists in steering 
the glft^ miniHdty from the erowcL 


The up-to-date educator, however, ' fol- 
lows on the heels of the crowd, and in- 
stead of heading the people for the light, 
he only quickens their step in thdr set 
direction. He has made himself less and 
less distinct from the crowd and in the 
end achieved a total lack of distinction. 

The painful fact is that in making 
himself safe for democracy, he has slid 
down from the upper stratum of society 
almost to the bottom of the middle class. 
One commencement orator this year, 
descanting on the marvelous equality of 
all Americans in respect of opportunity, 
naively hinted the depth of this fall 
Anybody, said he, may become presi- 
dent, "from the highest magnate to the 
pariah, from the cabinet officer to the 
colle^ professor.” The professor’s sta- 
tion in society may seem in itself a mat- 
ter of indifference, yet there was public 
as well as personal benefit in the prestige 
that was his. It brought home to him a 
gratifying sense of the value of his work 
And it was the fountain-head of his in- 
fiuence. 

Without demonstrating at further 
length the social decline of the profes- 
sorial class, I am prepared to venture a 
guess that there is no strong desire for 
change in our ensemble. It may seem 
singular that it should have been re- 
served for a college president to put his 
finger with precision on the sore point : 
"Until clain consciousness eztmds 
throughout the teaching body,” says Dr. 
McCracken, of Vassar, "the democracy 
of control will hardly include the pro- 
fessor.” Now class consciousness in the 
last analysis is a feeling of pride in the 
superiority of one ’s group to other 
groups. It is not enough to consider 
ottrselves no worse than other people, we 
must again learn to consider ourselves 
better than most of them. "So long as 
we are no better,” says Professor H. B. 
Musscy in an article of recent issue, "so 
long the collegeq^ will be no better than 
the Bohobls end the churches and the 
trade unions and the women ’s clubs and 
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the athletic aasociations and the cham- 
bers of commerce and the sons of de- 
ceased patriots and the loyal orders of 
associated tombstone manufacturers that 
make up our everyday America. * ’ 

IV 

Now the economic discomfort, loss of 
caste and shrinkage in self-respect under 
which our profession labors may plau- 
sibly be referred to one and the same 
cause, namely, to the ominous public in- 
difference toward the so-called higher 
education. Again it is possible to vali- 
date this opinion by means of presiden- 
tial testimony. Within a half year or 
so, I have heard no less than three of 
our leading college presidents avow 
almost publicly their belief that the 
American folk do not really love educa- 
tion and are not really a culture-loving 
people. It would be a miracle indeed if 
a public that looks for spiritual ministra- 
tions to a Billy Sunday and a W. J. 
Bryan could be seriously interested in 
the selective breeding of intellects which, 
when all is said and done, is the chief 
office of higher education. A higher 
education ordered by middling-to-low 
intelligences remains forever a contra- 
diction in terms. Its control can not be 
committed to the general suffrage, it be- 
longs by right of reason to the enlight- 
ened elect. The presupposition upon 
which the life of the university is 
founded is reverence for scholarship, 
irrespective of its utility and popular 
appeal, and a voluntary subordination 
of the average mind to a superior grade 
of mentality. The reverse relation is 
responsible for our shallow national 
percipience. Only through soul-searing 
abatements from hallowed conviction 
and sacrifice of principles could a col- 
legian of the old school survive under an 
educational dispensation which lethargi- 
cally connives at the downgrade trend 
of culture* There’s no need of mincing 
words where even college presidents 
speak out frankly. The general course 


of the country is set against the coneems 
of culture, and the educational policies 
are warped to the dominant tendencies 
of the age. Democracy seems bent on 
vulgarizing education, and the great 
Moloch of business, too, is at work pre- 
paring education for its Gargantuan 
taste and appetite. The numerical 
mania has taken a grip on the univer- 
sity. Infra! Solvere jubemus, we salute 
youth from our portals. Why frighten 
the entrant with Latin? Let us say in 
plain English, ‘ ‘ Pay as you enter. ’ ’ The 
main question is not how good is our 
show, or how select the audience, but 
how many are willing to pay the price 
of admission. After making the limits 
of freshman enrollment coextensive with 
the birth-rate of seventeen years before 
matriculation, we are trying our utmost 
to please our pay-guests so as to induce 
them to stay. The college to-day, says 
one of our most enlightened presidents, 
exists to give the student a happy life. 
It is wrought in the image of the under- 
graduate. 

It follows logically that in these cir- 
cumstances it behooves the professor to 
become a true reflex of the same image. 
It serves him better to be a good scout 
than a good scholar. The popular 
prof” is not he who makes a bold stand 
for scholarship but he who comes near- 
est to the pragmatic standards of the 
populace as refracted through the stu- 
dent body; consequently, the young in- 
structor who looks after the main chance 
is more likely to imitate his sophomore 
students than his senior professors. The 
rapid augmentation of the teaching 
force, due to the abnormally multiplied 
attendance, has done its share to dispel 
the professorial aura, and so, too, has 
the ranging of the academic busifiess 
into all sorts of profitable side lines. No 
halo of great learning surrounds profes- 
sors of advertising, embalming and 
cheer-leading. And inasmuch as to the 
layman a chair of milking looka no 
h%her than a milking stool, he naturally 
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has the same esteem for oar contempo- 
rary Jameses, Whitneys and Ne^rcomes 
as for practitioners of the aforemen- 
tioned arts and sciences. 

V 

One can only wonder that in the face 
of all these discouragements persons of 
marked ability do still espouse this call- 
ing. For undeniably the new college 
teacher is as “competent” as the old; 
often more so in specialized vocational 
knowledge, as he is likely to have wasted 
less time on “mere literature” and such 
frUls. 

Nevertheless, the supply of able- 
minded recruits for the profession is not 
in keeping with the great demand. Al- 
though the development of graduate 
schools promises to provide plenty of 
teachers, the number of first-rate men 
whose undergraduate curriculum is 
shaped with an aim to teaching, and 
who enter the graduate school properly 
prepared, is negligible. The recognition 
of the latent danger of this situation was 
the mainspring of certain large-featured 
enterprises for the improvement of the 
professorial fortunes. Sometimes they 
merely plan for the increase of salaries, 
as when a John D. Rockefeller sets fifty 
million dollars as a bait to lure the quad- 
ruple amount into the trap for that 
specific purpose. Sometimes, on the 
other hand, the concern for the material 
sustenance of the profession and for its 
social dignity is explicitly coupled with 
the ulterior care for the propagation of 
science. The most striking example is 
fttmished by the Carnegie Foundation 
lor the Advancement of Teaching. 

The very name clearly shows that the 
ulterior aim of this foundation went be- 
yond assisting the professor in his val- 
iant struggle with poverty. At the same 
time, the teaehet was recognized as the 
most vital factw in the advancement of 
teaching; hence this foundation at first 
addnss^ its efforts to the invigoration 
«f the teaching fotoe through timdiy 


superannuation of the invalid and the 
time-worn. Also it was expected that 
by liberal protection a superior class .of - 
persons would be attracted to the pro- 
fession, for it was thought essential that 
faculties should be made up of those 
richly endowed in culture and intellect. 
Thus the foundation hoped to avert what 
has, alas, by now befallen — namely, the 
rebuilding of Academe into a “Temple 
of Mediocrity.” Unquestionably, im- 
provements ensued upon the foundation, 
mainly through the raising of standards 
— for the time being, at least — as a pre- 
liminary for admission to its benefits. 
Whether permanent improvement came 
propter hoc, or merely post hoc need not 
be gone into here. While many people 
attribute the credit to Mr. Carnegie’s 
munificence and Dr. Pritchett’s far- 
sighted educational statesmanship, others 
will side with President McCracken’s 
opinion that the process was inevitable 
and would have come about quite inde- 
pendently of that influence. 

At all events, the expansion of its 
scope and the assumption of varied and 
expensive functions led gradually from 
a chronic reduction of the annuities to 
their sweeping abolition, and in the end 
to the institution of an insurance plan in 
lieu of the original system of pensioning. 
President Pritchett and his board found 
a rational sanction for their altered 
course in their stated conviction that the 
pension system was selfishly exploited 
both by institutions and individuals. 
Having dismissed the professorial tribe 
from his paternal solicitude. Dr. Prit- 
chett eventually confessed the opinion 
that private donations for any educa- 
tional purpose are questionable. It is no 
fair ery thence to the conclusion that all 
charity should begin at home, and better 
stop right there. 

Whether the foundation has missed its 
unprecedented opportunity to lift higher 
education permanently to a significantly 
higher plaiae, if i« too early to decide. 
So lar, its vii^le ^eot on education has 
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been mixed : good mainly in that it drove 
some too patently inferior colleges out 
of business; bad mainly in that it forti* 
fled the “Interlocking Directorate “ and 
widened the gulf between the teaching 
and the administrative branches of the 
profession. 

Perhaps by the shift in the policies 
of the foundation more than any other 
single motive the college professor was 
at last driven to the very uncongenial 
remedy of self-help. The Association of 
American University Professors was or- 
ganized to fight his battles and promote 
his collective interests. By the irony 
of chance the guides of its destinies in 
the earlier era were predominantly pro- 
fessors of philosophy, whose habit of 
chopping logic and splitting hairs gave 
constant curb to action, and to-day, with 
our esprit de corps so largely evaporated, 
it is highly questionable whether enough 
strength and unity survives in the pro- 
fession for articulate protest under any 
provocation. The local chapters of the 
A. A. U. P. are occupied with endless 
discussions of minor matters which prop- 
erly belong to official faculty jurisdic- 
tion, while the annual general convention 
faultlessly formulates wise and useful 
propositions of which the authorities 
rarely take any notice at all. Like the 
Carnegie Foundation, the Association of 
American University Professors has been 
of a mixed effect. It has wrought some 
good, in stemming the tide against de- 
professionalizing our vocation. On the 
other hand, it has shown itself weak in 
will, lacking in creative power and in- 
capable of giving inspiration. It has, 
therefore, fallen short of legitimate ex- 
pectations. 


For my dimUto nunc, a bright w6rd 
of cheer might perhaps seem more ia 
order than the occasional touch of flip- 
pancy which my presentation of this sad- 
dening subject has indulged in. It will 
be readily supplied by the rampant op- 
timism of the profession. I have to con- 
fess myself so unacclimated to the educa- 
tional topsy-turvy that I have to laugh 
at it now and then to stop myself from 
weeping. And I will not even close with 
an orison for better things, for I should 
be praying to gods that are no more, 
than which earth holds no sharper exile. 
I am too near the end of my career to be 
swayed in my viewpoints by personal 
hopes and fears. Moreover, I know that 
to most of my colleagues the change of 
which I complain looks like honest-to- 
goodness progress. The American col- 
lege has passed through several distinct 
stages of control. At flrst it was gov- 
erned by the church. Later, by the 
president and the trustees. Faculty con- 
trol, as the next natural step, was 
reached by but a few institutions. The 
present trend is very rapid toward gov- 
ernment by the community and the stu- 
dents. In the immediate future, success 
in the professorial career must hinge on 
an ability to please the students and the 
town. There is no collective disposition 
among the advocates of education to pull 
against the mock-educational tendency 
of the times. I have stated things as I 
see them, and have no remedy to offer. 
Only this curious question: Shall some 
tidal wave of culture return the college 
professor soon or late to his former hon- 
orific place in society! Or is thi de- 
mobilization of the professor a premoni- 
tory phase of the disarmament of old 
moral and intellectual world forces! 
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The answer to this question is of gen- 
eral as well as scientiilo interest. The 
term "moron” originally brought into 
the language for specific scientific use 
seems to have filled a long-felt want in 
the public mind, and to-day one meets 
it in polite conversation, in popular lit- 
erature of all kinds, from newspapers to 
novels and poetry, as well as in scientific 
writings. 

The origin of the term is briefly 
stated. There have been for many years 
at least three different terms commonly 
used to apply to persons of defective 
mentality. These were idiot, imbecile 
and feebleminded. Each in its turn had 
originally been applied as a very kindly 
designation of mentally deficient people. 
Idiot, which sounds so harsh to-day, was 
orig^ally taken over from the Greek 
language "idiotes,” meaning having an 
individuality of his own, or in a sense 
peculiar, not an obnoxious term to be 
applied to a serious mental defective. 
But of course in time it came to take its 
meaning from that to which it was ap- 
plied. Likewise, imbecile, which means 
literally leaning upon a staff or needing 
support, was also a fri^dly term. StiU 
more recently, the expression feeble- 
minded has oome to be applied to these 
people with the result that it is coming 
to 1^ a little unpleasant in its implica- 
tion. 

In 1909, the American Association for 
the Study of the Feebleminded ap- 
pointed a eommittee to devise a classifi- 
cation for the leebleminded. The writer 
was a membeif of that committee and 
made the report which was presented a 
year later at tiie annual ineeting held at 


Lincoln, Illinois. The Binet-Simon tests 
of intelligence with their age grading 
had just come into use and it seemed 
feasible to use the terms already referred 
to for defectives of different age levels. 
Accordingly, the plan presented was to 
call those defectives who had no higher 
intelligence than that of two-year-old 
children, idiots; while those who had in- 
telligence from three years to seven 
years, inclusive, were to be called imbe- 
ciles. So far, so good. There was, how- 
ever, a third group with a mentality of 
from eight to twelve. It was at first 
thought that we could call them feeble- 
minded. This indeed is the custom in 
England, but unfortunately for our 
plan, in the United States the term 
feebleminded had come to be applied 
generically to the entire group of mental 
defectives and every state institution in 
the country was called an institution for 
the feebleminded. It was obviously too 
late to restrict the use of the term feeble- 
minded to the highest group. The only 
thing that could be done was to keep the 
term feebleminded in its generic sense 
as covering the entire group of mental 
defectives and to select a new term for 
this highest group. Various words or 
expressions were tried, such as "deb- 
ates” "the ahnosts” and several otherb; 
none of which seemed to have the right 
sound. 

The term "fool” in its good old En- 
glish signification seemed to be exactly 
what we wanted. The d^nition given is 
"one lacking in common sense, in judg- 
ment, or in intelligenoe. ” But, go^ as 
the term was in old English and fitting 
exactly th« group, it is neyertheless taboo 



42 


THE SCIENTIFIC MONTHLY 


in modern nsage. But no such objection 
existed for its Greek equivalent ‘‘mo- 
ron.” Moreover, fortunately the Greek 
root “moros” has not been brought into 
English, except in two words, and it is 
compounded in each case with another 
word. The rhetorical term “Oxymo- 
ron” is applied to an expression that 
sounds foolish, but in reality is very 
witty or sharp “oxus.” And, secondly, 
it appears in the word sophomore, which 
was a comic word coined years ago by 
college men to apply to the second-year 
class, the “sophos, ” meaning wise, indi- 
cating what they thought of themselves, 
and “moron,” meaning foolish, what 
the upper classmen thought of them. 
These usages would have no effect upon 
our proposed use of the term. Conse- 
quently, our highest group of the feeble- 
minded was called “moron” in the re- 
port of this committee on classification. 
The report was accepted by the associa- 
tion and the classification adopted. 

It will be noted that according to this 
a moron is a feebleminded person who 
has a mental age of anywhere from 
eight to twelve years. But as already 
indicated the public has found the term 
so useful that it is being used indiscrimi- 
nately and without regard to its original 
definition. As used to-day, it is applied 
to anybody who is a little bit dull in in- 
telligence, or even, as some one has ex- 
pressed it, to any one who does not agree 
with you. Most people to whom the 
term is applied in this broad sense of 
rather dull or stupid probably have an 
intelligence of not more than twelve 
years. Now if all such people were 
really feebleminded, there would be no 
difficulty in the matter. But unfortu- 
nately for this problem, such is not the 
case. There was a time to be sure when 
we rather thoughtlessly concluded that 
all people who measured twelve years or 
less on the Binet-Simon scale were 
feebleminded. However, we had already 


begun to discover our error when the war 
came on. 

The war led to the measurement of 
the intelligence of the drafted army, 
with the result that such an enormous 
proportion was found to have an intelli- 
gence of twelve years and less that to 
call them all feebleminded was an ab- 
surdity of the highest degree. 

Three years ago, William Allen White 
published an article with the caption, 
“What is the matter with America t” 
His answer to his own question was in 
brief, “The moron majority.'* Accord- 
ing to the army results he was not far 
from right, if we take the term “moron” 
to include all the twelve-year intelli- 
gences — and add a few of the thirteen 
years. Of 1,700,000 soldiers tested, 
forty-five per cent, did not get above the 
twelve-year limit. Inasmuch as 1,700,- 
000 men were a fair sample of the entire 
population, we conclude that these fig- 
ures hold for the people of the country. 
But if a moron is a feebleminded person, 
it is evident that these people are not 
morons. To put the question another 
way: some people with ten-year intelli- 
gence or eleven-year or twelve-year are 
morons, but the great mass of that group 
are not morons. Now what are the dis- 
tinguishing marks f We shall discover 
before we are through that the answer 
to that question raises several others of 
considerable importance, even involving 
the interpretation of the laws by which 
we take care of the feebleminded persons 
in state institutions. If a moron is a 
feebleminded person, then are not all 
I>ersons with a ten-year mentality, for 
example, morons or feebleminded t To 
answer we must first ask the question, 
“Who are feebleminded f ” 

And now must our nakedness be ex- 
posed I In this year of grace, nineteen 
hundred and twenty-six, after three 
quarters of a century of dealing with 
the problem and at least a quarter of a 
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«entiii7 of intensive study of it, we are 
still limited to a definition of feeble- 
mindedness that is unscientific and un- 
satisfactory. We have no absolute 
criteria of feeblemindedness. In the 
definition generally accepted by English- 
speaking people, we appeal to no less 
than three sciences for our criteria. Our 
accepted definition reads, "a person of 
defective mentality (psychology) exist- 
ing from birth or an early age (biology) 
whereby he is incapable of competing in 
the struggle for existence or of manag- 
ing his own affairs with ordinary pru- 
dence (sociology).’* Such a definition 
is not scientific because it is not definite. 
It is not satisfactory because it is not 
\isable in all cases. It is not definite 
because in the first place it does not tell 
us what we mean by a mental defect. 
How low in the scale of intelligence 
must a person be in order to be a defec- 
tive t We have already said that at one 
time we thought twelve years was the 
limit, but we know that most of the 
twelve and even the ten and the nine are 
not defective. Secondly, we say that 
such defect exists from birth and early 
age. Existing from birth is definite; 
existing from an early age is indefinite. 
However, in both of these cases, it would 
only be necessary to determine a point 
by common agreement as the result of 
study and a determination of the conse- 
quences. But the third science appealed 
to is more hopeless than aU the rest. 
Who can tell exactly what we mean by 
being incapable of competing in the 
struggle for existence or of being incapa- 
ble of managing his own affairs with 
ordinary prudence t What is ordinary 
prudence t What do we mean by man- 
aging his own aflairst Must he never 
take advioe from any one t Moreover, in 
tiiis case even if we could decide what 
we would meikti by such expressions it 
would not remain constant even when so 
settled. My two-year old nephew is of 


idiot level and I may call him an idiot 
without hurting his father’s or mother’s 
feelings provided I use the right inflec- 
tion and have a twinkle in my eye. But 
he is not feebleminded because he is not 
defective. He has all the mentality that 
his age calls for. If when he is three or 
four he still has only the mentality of 
two, he will be defective and it will be 
a mental defect that existed from an 
early age. So far two thirds of the defi- 
nition makes him feebleminded. But 
how about the third Y Well, he is in- 
capable of competing in the struggle for 
existence or of managing his own affairs 
with ordinary prudence, but that is not 
because of his mental defect, but because 
of his age. But again, suppose he is four 
years old with a mentality of two, still it 
can not be said that his inability to com- 
pete or to manage his affairs is the re- 
sult of his mentd defect. It is ju.st as 
much the result of his chronological age. 
And yet such a boy would probably be 
diagnosed as feebleminded. Certainly, 
if we adopt the I. Q. system, for his I. Q. 
would be only 50 , well within the limits 
of feeblemindedness. 

Let us now assume that this boy has 
grown up to fifteen years of age and has 
a mentality of ten. He is within the 
moron limit for mentality, and although 
be is fifteen years of age he is incapable 
of earning his living and of managing 
his own affairs with ordinary prudence. 
He is therefore, according to all the cri- 
teria, feebleminded. We will therefore 
place him in the institution for the 
feebleminded for care and training. Let 
us say that he stays there five years. He 
still has the metotality of a ten-year-old 
boy, but in those five years he has been 
very carefully trained. He has learned 
to take care of himself, to dress and un- 
dress himself, to take care of his clothes, 
to keep himself decently clean. He has 
learned to work, he can plow and harrow 
and hoe eorn- and drive horses, he can 
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earn twenty or forty or perhaps fifty 
dollars a month at such work. He has 
etven learned to take care of his money. 
In short, he is no longer incapable of 
competing in the struggle for existence 
or of managing his own affairs with ordi* 
nary prudence. Is he feebleminded} 
Is he a moron f Not according to the 
definition. He has a mental defect be- 
cause he has only ten-year mentality; 
the defect existed from an early age, but 
the rest of the definition does not apply. 
Was he feebleminded when he was sent 
in to the institution at the age of fifteen? 
Certainly, according to the definition. 
Then he has been cured of his feeble- 
mindedness! That seems to be an in- 
evitable conclusion. He was feeble- 
minded five years ago, but now he is not 
feebleminded. But we have always said 
that feeblemindedness was incurable. 
"Once feebleminded always feeble- 
minded." We were evidently in error 
and yet the difficulty is more the result 
of our definition than anything else. 
The boy is just as mentally defective as 
he ever was. Just as feeble in mind as 
he was five years ago. That condition 
has not been changed. Yet he was not 
so defective and so feeble in mind 
that he could not be trained to become 
self-supporting and capable of managing 
his own affairs. 

The reader is already asking what that 
hypothetical case proves. Does such a 
thing as this ever happen? Yes, that is 
the reason we are discussing it. We 
have not resurrected a dead issue for the 
sake of manifesting our marksmanship. 
What we have described has not only 
happened but is happening all the time. 
It has been happening for years, but we 
did not know it. Every institution for 
the feebleminded has some inmates who 
are sent there as feebleminded but who 
are no longer incapable of managing 
their own affairs. This fact has now 
been dmnonstrated to us by the work of 


Superintendent Charles Bernstein, of 
the institution at Borne, N. Y., who has 
proved that these people have become 
capable, by actually putting them out to 
take care of themselves. He was careful 
at first to give adequate supervision un- 
til his eaie was proved, but there is no 
longer any doubt about it. Not only 
that, but Dr. Walter E. Femald, late of 
Waverley, Massachusetts, made a care- 
ful investigation of the children who had 
been taken out of his institution by their 
friends or relatives. This investigation 
showed that the great majority of those 
who were of the moron level were getting 
along very satisfactorily. A similar 
study at the Vineland Training School 
shows the same results. We are curing 
tovM feebleminded in aU our wetU’ 
managed institutione — if you. choose to 
put it that way. It will perhaps be bet- 
ter to conclude that we have so trained 
a few of the feebleminded that they are 
capable of taking care of themselves. 
Whatever we choose to call it, it is a 
fact of tremendous significance. But we 
must be careful that we make no mistake 
as to what it signifies. 

First of all, some of my readers have 
already raised the question as to the 
advisability of letting these people go 
out into the world, even though they can 
support themselves. Is there not danger 
that they will marry and bring into the 
world feebleminded children and so em- 
tinue this defective race? Yes, there is 
considerable danger of that, if it i$ a 
danger. Let us look at it a little more 
closely. Just what is the danger? 
First, that we are propagating the 
feebleminded. Yes, but we have learned 
how to "cure" them, and when cured 
(trained) they are very useful They 
are happy in doing their kind of work 
that you and I do not want to do— -posi- 
tions that it is hard to get people to fill 
In other words, we need tkeee peoplt. 
They are an essential element in the ooia- 
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monity. Why should we be afraid of 
their children and bringing up a 

family like themselves t But suppose 
they have children that are of a lower 
intelligence than themselves who can not 
be trained, will always be a burden upon 
society f Yes, that would be serious. 
But there is no indication that that hap- 
pens in any considerable number of 
cases. Accidents occur to all classes. 
Sometimes highly intelligent people 
have the misfortune of bringing into the 
world a defective child. There is no 
evidence that these morons would be any 
more unfortunate. Perhaps our ideal 
should be to eventually eliminate all the 
lower grades of intelligence and have no 
one who is not above the twelve-year in- 
telligence level Aside from the impos- 
sibility of eliminating half of the popu- 
lation, one may very well question 
whether such a thing would be desirable, 
even if it could be done. One thing 
remains to be conudered, the tremendous 
significance of education for the moron. 

The problem of the moron is a prob- 
lem of education. There would be very 
few, if any, morons in our institutions 
for the feebleminded if we had not been 
mistaken in our theories of education. 
Henry Fairfield Osborn has said, "The 
true spirit of American democracy that 
all men are bom with equal rights and 
duties has been confused with the politi- 
cal sophistry that all men are bom with 
equal character and ability to govern 
themselves and others and with the edu- 
cational sophistry that education and 
oivironment will Offset the handicap of 
heredity. " On the basis of this supposed 
equality, we have concluded that what 
b good for one is good for all in the way , 
of education and until quite recently 
have insisted ui>on the same course of 
study for aU, children. We have now 
disoovered our error, but we are slow to 

S t our new knowledge into praetiee. 
le most marked peychological eharac- 


teristic of the moron is that he is unable 
to generalise, to handle abstract ideas or 
to use general principles. He can not 
handle abstractions or general princi- 
ples. That being the case, it is as useless 
to try to teach him subjects that involve 
generalization and abstract ideas as it 
would be to train him to ran a foot race 
if he had been bom without legs. From 
this, it is clear to see why we have in the 
past turned out of our schools so many 
boys and girls who could not compete in 
the straggle for existence nor manage 
their own affairs with ordinary pru- 
dence. We have kept them in school 
and tried to teach them abstractions and 
general principles, things that they 
could never leam. The result has been 
that when they left school they were not 
only not prepared to do anything by 
which they could earn a living but they 
were discouraged and disheartened and 
often times disgruntled and antisocial. 
It can not be wondered at that many of 
them became delinquent and finally, 
criminals. Now that we have learned 
the facts, the solution is easy. Teach 
them the things they can learn instead 
of attempting to teach the things that 
they can not learn and we will send 
them out of school trained and even 
skilled in the doing of things that will 
enable them to compete in the strag^e 
for existence and in habits that will in- 
sure their managing their affairs with 
ordinary prudence. Moreover, they will 
have that priceless boon which the mo- 
ron of the past nm'er did have, namely, 
the consciousness of ability in some line^ 
the joy of creation and of independence. 

And what kind of training is it that 
will produce this very desirable result t 
The reader who wants a complete an- 
swer to that question and a demonstra- 
tion must visit the institutions for the 
feebleminded where that work- has been 
and is being done. As already stated. 
Dr. Bemateiii.> at Rome, New York, has 
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made some of the largest and most con- 
vincing demonstrations, bat the same 
kind of training can be seen at Vineland, 
New Jersey, at Letchworth Village in 
New York, at Waverley and Wrentham 
in Massachusetts — in fact, in most any 
of the state institutions, although some 
have gone much farther than others in 
appreciating the value of industrial 
training. In brief, the work consists in 
training these children to work and make 
with their hands things rather than 
training them to read and talk about 
things. These people can all be trained 
to work efficiently with their hands and 
when trained they will continue to work 
efficiently at the thing that they have 
learned. They can never be trained to 
exercise judgment in critical situations. 
Therefore, their work must be more or 


less of a routine nature. But they are 
not unhappy at this. In fact, they en- 
joy it if they are not worked too hard 
and are well treated. This means that 
it is desirable always for some one to 
have a certain amount of oversight of 
such people ; in other words, they should 
always be regarded more or less as chil- 
dren. Provision should be made for 
their playtime and rest as well as for 
their work. Our classes for backward 
children in the public schools have begun 
to work on these lines, but very few of 
them have been able so far to carry the 
plan out to its logical conclusion and to 
train these children to do the things in 
school that they are most likely to have 
an opportunity to do throughout life. 
This is the problem of the moron. 
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Introduction 

HAKESPE ARE teUs us that, 

* ‘ All the wool that Penelope 
spun in Ulysses* absence 
did but fill Ithaca full of 
moths.** Can you picture 
the expression on Ulysses* 
face when, on his return from Troy, 
he examined the condition of his civil- 
ian clothes? You and I have seen a 
suit riddled with holes in less than a 
year. What must have been the condi- 
tion of Ulysses’ clothes after twenty 
years I I leave you to finish the picture. 

When economic pressure turned my 
attention to the clothes moth with a view 
to their destruction a happy idea oc- 
curred to me. I reasoned thus. If the 
Mediterranean flour moth which fills our 
corn meal with its webs is controlled by 
a little wasp whose larva feeds upon the 
oaterpillar of the moth, may not this 
same wasp baby feed on the nearly re- 
lated clothes moth caterpillar f My 
imagination progressed faster than my 
experiments, and I saw every clothes 
closet in the land harboring a little 
wasp’s nest. I was doomed to early dis- 
appointment. Although the wasp stung 
the clothes moth caterpillar and laid its 
eggs upon the caterpillar’s back, and 
although the baby wasp sucked the 
clothes moth caterpillar with as much 
Best as a baby sucks a bottle, yet the ex- 
periment failed completely because the 
bottle was too small The caterpillar 
was soon sucked dry and I had the piti- 
ful sight before me of a baby wasp starv- 
ing to death. With such Infant mortal- 
ity % saw the race of wasps was doomed. 


Therefore I turned my attention else- 
where in attempting to control the activi- 
ties of the moth. 

Etymology : Origin op the Word Moth 

HEN I talk about moths I 
am embarrassed because dif- 
ferent kinds of insects are 
called moths. Here we 
have large flying insects 
with gorgeous wings like 
the cecropia moth. There we have the 
young of the carpet beetle, little hairy 
creatures about the size of a grain of 
wheat, which we call the buffalo moth. 
The fish moth hastily takes to cover 
under our books and papers. The word 
moth must have more than one mean- 
ing : that of a flying form and that of a 
crawling form. What do we mean when 
we say, he slashed at a moth”? On 
account of the apparent confusion in the 
meaning of the word, moth, I digress 
temporarily from entomology, the study 
of the moths, to etymology, that study 
of “roots” which is not usually included 
in botany. 

That great authority, the Oxford dic- 
tionary, suggests a double origin for the 
word moth, one from the same root as 
midge (mug) and the other from the 
same word as mouth (motha). I beg to 
differ with the scholars who compiled the 
dictionary, because little evidence exists 
for this idea. I find, up to the middle 
of the sixteenth century, moth, spelled 
in ways most unaimplified, as mohthe 
(900), mothihe (Piers Plowman, 1361), 
mought (Wydiffe, 1361), mowthte 
(1449), fnotii (1520), mothes (1551), 








^ to anything that conmmod and 

^ ^ tha m in partienlar; as in 

;' ^ Bible, *'F(nr the moth shall eat them 
ttiiv^ke i gsment and the worm shall 
eht them Uke wool’' (Isaiah LI, 8). 
; Floyd writes in his trandation of Swam> 
mOrd^’s "Book of Nature," London, 
;1758 ! "Thia little ereature, the butter- 
is commonly eaUed a moth but it is 
noxious (m no other account but that it 
lays Uiose spheroidal Oggs out of which 
the real moths or eating vrorms are pro- 
doeed in hangings, olothes,ete." In this 
amse the word appears in the first ency- 
, elopedias and in ^e first dictionaries. 


the soft moth, the mifl niodi, end ^ 
sarmr or stink^ motb.’' Vegelliia 
(1748) has it, "Small maggots or mQiSia 
which others call lice cause intoleinjida 
pain in the intestine." Because one 
kind of ^moth was seen to develop into 
a fiying^ 'form, a moth>fly, the name, 
moth, beeame transferred to a group of 
flying insects. Yet, to this day, we eaU 
the larvae of certain beetles which de- 
vour wool, "buffalo moths" and another 
little insem which devours paper "the 
flsh moth." 

Bthholoot : CtmToiiB or Haw awn van 


In the time of Shakespeare (1506) 
people had seen the flying adult arise 
from the devouring caterpillar. So the 
name induded the flying form as well as 
the worm. In the "Merchant of Yen- 
iee": "Thus hath the candle ringed the 
ffloath." Baeen (1626), a little later, 
writes in his "Sylva Sylvarum": "The 
moatii breadith upon eloth . . . it de- 
lighteth to be about the flame of a 
handle." Charleton, stiU later (1668), 
states, "The moth-fly produced out o^ 
the elothee worm." 

In en^clopedias the word was early 
defined to inelude the flying form. Thus, 
In Chambers Cyelopedk (1753), under 
the heading, Phalena, . . . "the name 
by whieh authors diatingoiah those but- 
terflies that fly at night . . . and we 
vulgurly moths." I^e sense tiiat the 
word moth includes a flying insect, fdr 
some reason, does not appear in the die- 
tionaries until very late. Webster, the 
American, in the first edition of Us die- 
tlonary, 1828, first deflboed the word to 
foclnde a whole group of Lepidoptma, 
while as late as 1885 some Englieh die- 
ticuaries do not define moths as flying 

must Conttode, therefore, that the 
not a double origin hut 
root as moutb^ 
It BOmetUiig that devoomi 

Ifoland (1^6) mys, "'Fbre 


C 14 OTHXS Moth 



HB neoeasitiea of life for 
eivilised man are food, 
shelter and dothing. 
insignifleant elothea moth 
has for thousands of yean 
alEeeted the eostoms of hu- 
man beings attacking tme oi the 
necessities of life, wool, tiie prineipd 
material that man uses to conserve the 
heat of his body. That the moth was a 
pest to ^ ancient Hebrews the Bitie 
testifies in msny places, bat in no Fhws 
does it give a hint as to how Ihe pecile 
reseted toward the footh, motipt ^ 
horror. 

Aristoth^ at ths . tfme ' ^of ' A|sgitu4sir' 
the Oreat, In his."HiStc^-'el’ 

Bode 6,: 'Camp, .26, 'howeW)ir,;4Ae| 
a hiitt. /'Then '''ere' /bllh^^'seiwQ 
male, " «S3^ hf^ ' Scow of 
in Fool and wodin gUbds, sii the ssk 
(clothn ntiit) bskd^ W lutbrntis on^ 

when 'ihbrwtiti";; 
is' duirtF-*’ 'wb/'WlSf ''by tltk! ';^t',ilm 
btraseheeiiin & of 

'the, 'ijdotims fo ' 

■* ' '''hhffocy ‘ ' 'iii 
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will be safe from moths. I wondered 
for a while what amarca could be, until 
in the works of the Roman agriculturist, 
Varro,® I found that it is a substance 
prepared from the watery dregs of olives 
after the oil has been extracted. This 
liquid, after being reduced by boiling to 
one third its bulk, is recommended as a 
disinfectant, a sheep dip, a cattle food, 
and a fertilizer — surely a handy thing to 
have around the house. 

With Pliny (70 A. D.)'’ tlic methods 
of conservation became more and more 
fanciful. ‘ ' A suit of clothes placed upon 
a coffin will be forever proof against the 
teeth of moths.” Recipes of this sort 
were common in the middle ages. A few 
dead Spanish flies (a kind of beetle) 
suspended in a house will drive away 
moths, while clothes ” wrapped in the 
skin of a lion have nothing to fear. ” Wc 
have no way of judging how many 
housewives followed these methods. In 
Prance, about 1737, we know from 
R^aumur^ that it was the custom of 
housewives to beat and brush their hang- 
ings and clothes at least once a year and 

2 I)e Bonim Bustica. ' * 

a * * Natural History. * ^ 

* * * Hiitoire dea luaoctea, ^ ^ Tome III, Mem- 
oirea 2 and 3, 1737. 


store their clothes in boxes with' pine 
cones (Pig. 1). 

That moths influence our modern com* 
plex life can not be doubted. Twice a 
year, spring and fall, for several days at 
a time, moths direct the steps of the 
housewife and are the things uppermost 
in her thought. Indeed, her mind is full 
of their webs in the daytime and she 
dreams of them at night. 

Too often is a horrible truth discov- 
ered — moths in the winter flannels ! See ! 
Little Archie sweater a mass of holes! 
Gloom sweeps through the household. 
The housekeeper recalls the labor of cer- 
tain spring days when all the winter 
clothes were sunned, beaten, brushed, 
sprinkled 'with moth balls, laboriously 
placed in newspaper bundles and stored 
away on shelves in the closet or in trunks 
in tlie garret. Having followed the best 
available practice, why is little Archie’s 
sweater in rags? Life is not worth 
living ! 

If we arc of an analytical turn of 
mind we will find that, like philosophers, 
the housekeepers of this day and genera- 
tion arc the followers of several different 
schools of thought. In one household we 
might find a follower of the newspaper 
school, a school which teaches that there 



Pw. h — This pkjturb from Mjiumur's Histoirb dbs iNSEorais ^hows us that the modern 
aouBBKia&riifia has not proorbssed much fuether than her ancbbtors living in 1730, 

BEATING THE GOODS ONCE OR TWICE A TEAR BEING THE METHOD USED. 
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is something in printers’ ink which is 
death to moths; in another house will 
live a disciple of the cedar school, one 
who puts her trust in a cedar chest 
and cedar shavings. As we look about 
we will find a host of schools such as 
the moth ball, gum camphor, tur- 
pentine, keep-the-moth-fly-away-by-any- 
means, and others too numerous to men- 
tion. Sometimes we find a cautious 
housewife who, to be on the safe side, 
follows all these schools at once. Al- 
though all precautions have apparently 
been taken, yet occasions arise where 
damage occurs, notwithstanding all that 
has been done. 

Reaumur and Greasy Wool 

FRIEND of mine once re- 
lated the sad story of his 
Navajo blanket. For years 
the blanket lay on the floor 
untouched by moths. It 
became dirty, so he had it 
scoured. In the summer which followed 
it was ruined by moths. This experience 
recalls to my mind the experiments of 
Reaumur. 

Early in the eighteenth century Ren6 
Antoine Ferchault, Seigneur de Reau- 
mur, performed the first experiments 
designed to end the voracious career of 
the clothes moth caterpillar. In passing 
I may mention that it was Reaumur who 
first put the manufacture of steel on a 
scientific basis, who invented porcelain 
glass and who gave Central Europe a 
temperature scale. Through his studies 
of the arts of Prance and the biology of 
French animals he added millions of 
louie d’or to the wealth of his native 
country. Like Pasteur, his worth ^as 
recognized during his lifetime and hon- 
ors, material and immaterial, were 
heap^ upon him. 

l^aumur has written two memoirs on 
the clothes moth.*, In the first he records 
observations on their life history and 4n 
the second careful ej^periments on means 

s des lasectee*' (I7d7). 


for their destruction. Reaumur presents 
the method of science (the hypothesis, 
the controlled experiment, the organized 
record and the conclusion) in such a 
modern manner that I can not help 
quoting a small portion of the second 
memofr. 

1 have taken bottles to hold my moths 
so as to be able to observe them and by prefer- 
ence I have taken those cylindrical jars called 
powder bottles of which the opening is about 
the size of the bottom. In each bottle 1 have 
put a piece of blue or gray cloth . , . with 
some of the chemicals that I wish to test. Into 
this I throw a score of hungry moths and cover 
the top with paper. These experiments are of 
such a nature that without groat ingenuity they 
can be indefinitely varied and are not too diffi- 
cult to repeat if we wish to leave no point 
uncovered. 

Although the moths are common enough yet 
I have needed so many thousands of them in 
my experiments that at times I have been em- 
barraesed to know where to procure them. 
Those whom I set to hunt them have searched 
thoToly all the eaten fumishings before they 
could collect a hundred. On the other hand 
moths that 1 raised in my bottles, which have 
changed to butterflies, which have laid eggs, 
have given me a most abundant crop, I 

have failed to get enough. 1 have searched in 
the proper season for the butterflies that the 
moths produce, and have shut them up with 
pieces of material on which they have laid their 
eggs. Although th^ are perhaps less fertile 
than when at liberty yet they multiply about 
twenty fold. ... (In this way I procure) ell 
that I wish. . . . 

.... We never see moths attached to the 
fleece which covers the be^ of sheep. . . . 
Fleece removed from the back of sheep which 
has received no treatment are hardly more 
damaged than that which is still on the backs 
of the ani m als. ... In the case of wool the 
veiy flrst thing that we do is to make it suit- 
able for moths to eat. These wools that have 
received no treatiuent are called greasy wools. 
They are sensibly greasy to the touch of our 
Angers. The first process is to remove the 
grease and then the moths do not spare the 
wool. 

. . v> This suggests to us to add to the 
woelm that we use some of the original filrehse 
that has' been removed and see if bre oi^i 
them diataitefal to the f3»oths, although 
so little that H is not f^^parent It is neeesaMT 
thereloie to prove efihor that the gsea^ m 
dea^ to thh moths ot net me^jr to 
I have shut up some 
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with greasy wool and others with pieces of cloth 
that I have rubbed upon the wool. X have seen 
the oue and the other on short oommons for sev- 
eral weeks following while a third series that 
had other wool at their disposal gorged them- 
selves. The former came to eat and at length 
turned into butterflies. Times of famine force 
them to oat food that in less happy times is 
repulsive to them we conclude that moths will 
live on wool even if it is little seasoned to their 
taste. 

I have inclosed others with pieces of wool of 
two colors one of which was rubl>ed against 
greasy wool and the other had not been so 
treated, the one was blue and the other was 
gray. In other bottles I made the opposite ar- 
rangement that is I put the gray pieces that 
had been made greasy and the blue pieces that 
were not. The moths constantly ate the one and 
never touched the other* It was rare that they 
ever detached a hair. 

By the same methods as we preserve little 
pieces of cloth so we can preserve great hang- 
ings. . . . Nothing is easier than to rub the 
hangings with greasy fleece to protect them 
from mpths. altered the 

least in the world, l^ihe eyes you cannot tell 
the rubbed part from the part not treated. 

In the place of rubbing the furnishings and 
other materials with fleece we can get the 
equivalent effect by several methods. The 
grease you can get at an apothecary’s where it 
is called lanalino. If you wish to get it cheaper 
it may be procured from the hot water in which 
(crude) wool has been washed. Without going 
to the trouble of trying to separate the grease 
from the water, all that is necessary is to dip a 
brush in the water and lightly pass it over the 
goods to be preserved. 

Besides lanaline (the grease from 
wool), in a similar way, Reaumur ex- 
perimented with about everything found 
in the pharmacopeia of his time. Tur- 
pentine, of all that he tried, proved the 
most effective in killing the laTm. One 
drop, he states, will kill all moths in 
twelve cubic inches of air. 

Before disenssmg the results of Bto«- 
muT with lanaline and turpentine we 
must consider the animals with wMch 
he wo^ed. Al^gttgh two species of 
cturpet b^le larla>' to three species of 
moths w^ ea^ we will pass by the 
totles to4 Ohh^er but two of 
the wiQihe hjpocies. The two 

^of'importtoee can 'be 'dis- 


tinguished best by the houses which the 
caterpillars build. The web-weaving 
moth, Tineola biseUella, builds a perma- 
nent house, while the case-carrying moth, 
Tinea peJUoneUa, is a nomad and carries 
his house about with him. The former 
is our common moth, while the latter was 
the moth described in Reaumur’s memoir 
and which is apparently the clothes moth 
of literature. 

Although the case-carrying moth is 
described as common in this country 
recent investigators,* including the au- 
thor, have failed to find a single one. 

With the web-weaving moth the au- 
thor repeated Reaumur’s experiments 
with greasy wool, washed wool > <and 
washed wool treated with lanaline with 
no conclusive results — the moth seemed 
to thrive on all three grades of wool 
about equally well. 

He repeated also Reaumur’s experi- 
ments with turpentine, but found that it 
only killed in relatively tight containers 
and then failed to kill every caterpillar. 
Thertkfpre it appears that the case-carry- 
ing ruin, Tinea peUioneUa, behaves dif- 
ferently from the web-weaving moth, 
TineoUi biselieUa, and things that will 
harm one will not harm the other. In 
the future it must be understood that all 
references in tliis work have to do with 
the web-weaving moth. 

Refeluckts 

S ' F defensive tactics will drive 
away the clothes moth, why 
stgrt an offensive! Can 
WQ raise effective defenses 
I about our goods! Greasjr 
* wool, turpentine, gum cam- 
phor tod naphthaRne have each been 
report^ in this class. If repellents are 
of relative value— that is, if only a few 
of the toto^y survive on our goods the 
■ defenses toe -wbito ihto toSless. We de- 
mand absslutei ;pr<^ even ii we 

* Bwwljict, Aovi. 1917, p. 4S8J 

Aoisiuw, itpr. leis. 
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must drive our trenches far into the 
enemy’s country. It behooves us, there- 
fore, to inquire whether absolute protec- 
tion is afforded by repellents. 

Benedict^ performed experiments di- 
rected to find dyes for woolen goods 
which would either repel or poison 
moths, and would not hurt baby, as he 
expressed it, when he sucked mother’s 
dress. His experiments, which were cut 
off by the war, led to no conclusions. 

Greasy wool proved no repellent in the 
experiments of the author on our web- 
weaving moth. Indeed the grease 
seemed to add a necessary condiment as 
the caterpillars flourished upon it. 
When it was gone you could hear them 
gnash their teeth for more ! Turpentine, 
gum camphor and naphthaline in open 
cages had some repellent effect, but some 
bold moths held their noses, slid surrepti- 
tiously in and laid a few eggs on the 
exposed material which had been dusted 
or sprinkled with the supposed repellent. 
If not inclosed in airtight containers 
with turi)entine, camphor or naphthaline 
the larva will not perish. Nevertheless, 
liberal applications of naphthaline crys- 
tals will give some protection and in cer- 
tain cases may be quite effective. 

Although a number of other sub- 
stances have been found to slightly repel 
the moth, but since they fail to give ab- 
solute protection, none are to be recom- 
mended at the present time. 

Ethoixxjy : The Habits 
OF THE Moth 

EPORE we can plan a cam- 
paign to exterminate any 
animal we must know the 
principal events of its life 
history, its habits and its 
instincts. By such knowl- 
edge alone can we find at what stag^ it 
is most vulnerable and what instincts or 
habits may be made to aid in its de- 
struction. 

The web-we$ving clothes moth, Tineoto 
f Scimoe, April 10, 1018, 


hiaeliella, from the tip of the long thin 
abdomen of the female moth-fly deposits 
the little white eggs under the loose 
hairs that cover the woven yarn. These 
eggs, three of which, if set end to end, 
will scarcely reach across the head of a 
pin, must not be confounded with the 
feces of the caterpillar, which are fre- 
quently called ‘ * eggs ’ ’ by the housewife. 
If not disturbed at the end of seven days 
the eggs will hatch ; out of each will ap- 
pear the little white caterpillars with 
yellow heads which are the bane of the 
housewife (Pig. 2). At first this worm 
is BO small that it will scarcely reach 
across the head of a pin. Very slow is 
the growth. In the summer three months 
and in winter nine months intervene 
before the juicy caterpillar is half an 
inch long and is ready to transform into 
the winged form, the moth-fly. Although 
the caterpillars feed on wool through- 
out this period of their lives, when they 
are small, it is on loose hairs that they 
browse; it is only when they are large 
that they eat holes in the goods. As 
these little moths are semi-transparent, 
the color of the cropped wool in their 
intestines renders them so nearly the 
tone of the goods on which they are feed- 
ing that they are easily overlooked. The 
observant housekeeper, however, is sure 
to spot them by the little silken tunnels 
that they build. For this purpose not 
only do they use the silk produced by 
themselves but also they use bits of wool 
and even their own feces. As B4aumur 
exclaimed, ‘‘They are Hottentots indeed 
who build their houses out of dung!’^ 
It is in such a house or cocoon that the 
moth transforms and from which it 
emerges as the little yellow moth-fly. 
Prom a devourer and consumer, the 
moth becomes a creature in itself unbe- 
lievably harmless ; unable to feed, for its 
mouth is incompletely formed, it flutters 
around for a brief ten days^ finding Its 
mate or laying its eggs. Its duty to ito 
raee complete, it flutters to the floor 
and dies. 
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FiQ. 2. — Tm TRAKSLUOENT BGOS OK THE OLOTHES MOTH ARB QUITE SMALL (TIIREB END TO END 
WILL EXTEND ACROSS THE HEAD OF A PIN). WHEN LAID UPON WOOL^ THE NEWLY HATCHED OATXRr 

PILLARS start to feed AT ONCE. 


The food of the clothes moth caterpil- 
lar is hair. Hair, like the flesh of an 
animal, is composed of protein, but to 
be a food must be dissolved. This the 
clothes moth can do. In its stomach, 
cells produce a ferment that can render 
this hair protein soluble so that it can 
be absorb^ and assimilated. All the 
nourishment of the caterpillar comes 
usually from this one source, but under 
certain conditions it can live on finger- 
nail clippings and feathers as well. It 
is well to remember tiiat the craohs in 
our floors contain plenty of food for 
moths. 

The clothes ihoth inann:^ttu^ 
ing wateri* The hair contains among the 
vicious elements which Oompose it the 
elmnettt hy^gep, This combines with 

SSiKboMfc, 8. 1C., 


the oxygen of the respired air to form 
water. Although the caterpillar never 
drinks a drop of water in its life, yet, as 
everybody knows, it is a very juicy 
animal. 

On the conservation of water the life 
of the moth depends. Since it must 
manufacture all it demands, so it must 
see that none is wasted. The two ways 
by which animals lose water are by 
evaporation from the surface of the 
body and by the ' excretion of urine. 
Svaporation limits the habitat of the 
moth to more or less humid regions. 
The moth, by a peculiar method of ex- 
cretion, conserves the water in the urine. 

Experiments hate been performed 
whidi indicalje riiat the wi^weaving 
olothes mhth dow not thrive in all (di- 
mates because iit can not conserve its 
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water supply. Therefore, in a hot dry 
climate, such as^^$outhern Arizona, in 
summer; ov in the sun on a sunny day 
in the east, water is removed faster than 
it is manufactured and death ensues 
from drying up. On the other hand, a 
hot moist climate is bad because mould 
grows in the wool. A cold dry climate 
is harmful because it slows up the life 
processes of the animal. Freezing does 
not kill, but quick thawing does.® A 
warm dry climate, such as we have in 
our homes in winter, does not kill but 
slows up the development of the animals. 
Clothes moths do best in a warm moist 
climate, such as the eastern states enjoy 
in summer, for here it is not moist or 
hot enough to grow mould in the wool, 
but in the dark it is moist enough to 
prevent excessive evaporation. 

In most animals the elimination of 
the nitrogen of the body waste is in the 
form of urea, which is dissolved in water 
and passed out of the animal. The 
clothes moth, in common with birds and 
certain desert animals, excretes these 
wastes as uric acid in little crystals 
which pass out almost dry. In food and 
drink, therefore, the clothes moth is 
peculiar. 

Economic Entomology ; The Means to 

CONTROL THE PeST 

In planning to keep moths out of 
goods it is well to know that a laige 
voracious caterpillar feeling the pangs 
of liunger will eat a hole through news- 
paper (Fig. 3), but finely woven glazed 
cotton goods will turn their fangs. How- 
ever, a newspaper bag will stop the little 
ones, so if bags of glazed muslin are not 
available paper is better than nothing in 
which to store our goods. 

Two of the most important instincts 
of the moth and the moth-fly are their 
attraction to dark places and their desire 
to feel the pressure of two surfaces 
against their bodies. Thus they crawl 

0 Howard and Blaisdell, BaU, 22, N. S., Bor. 
Bnt., IT. B. Dept. Agr., J900. 


between cracks leading into boxes or 
folds in the goods. Few cracks between 
the lids of boxes or trunks hH too small 
to keep them out. Therefore, bags of 
some kind are necessary — cheese cloth is 
worthless, and paper not sure; bags of 
glared muslin answer the purpose. 

^ Goods that are handled as often as 
once a month or clothes that are worn 
at frequent intervals have nothing to 
fear from moths. Since the eggs are 
extremely delicate, a touch with a fine 
camePs hair brush will break their 
shells. The caterpillars indeed have an 
instinct which often leads to their de- 
struction. Their reaction when fright- 
ened is to “play Opossum.’" They be- 
come rigid, bent into a half moon. If 
not in a silken tunnel, disturbing the 
goods easily displaces them. iShaking, 
followed by brushing, will rid the goods 
of most of the eggs and caterpillars. It 
fails when newly hatched caterpillars 
are present, caterpillars that are so small 
as to be invisible to the naked eye, a few 
of which not displaced by brushing will 
be sure to be overlooked. To kill all 
they must be * * gassed. ’ ^ 

The method of work in studying 
lethal gases is very simple. Into two 
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wide-mouthed bottles an equal number 
of caterpillars are placed on two similar 
pieces of an old blanket. The top of 
each bottle is now covered with a piece 
of porous paper, such as Scott tissue 
toweling, and snapped to the neck of the 
bottle with a rubber band. One of these 
bottles is placed in a trunk in which 
some poisonous gas is to be tested and 
the other bottle, called the control, is 
kept under similar conditions but not 
exposed to the gas. If, at the end of 
two days, a week or ten days, we find 
that the caterpillars in the trunk arc 
dead and the controls are alive, then we 
can draw the conclusion that it was the 
gas that lulled them. To be sure that 
this concliilion is correct, the result is 
verified by repeated trials. 

By these means a large number of 
substances have been tested. Some have 
been commbn substances, such as tar 
camphor, and others less familiar, as 
para-di-chlor-benzenc. Each substance 
was tested first in a corked bottle with 
the caterpillars and then in a bottle 
covered with a single layer of Scott tis- 
sue toweling. If the worms were killed 
under these conditions, they were then 
introduced to the same substances in a 
trunk. It was soon found that no sub- 
stance, not even that evil-smelling car- 
bon bisulphide, as recommended by 
entomologists, was strong enough to kill 
the caterpillars in an ordinary trunk. 
As the gases used were in every case 
heavier than air, they tended to pass 
through the porous sides and bottom 
and; did not fill the trunk with vapor. 
The next step was to render the trunk 
reasonably gas-tight. A heavy gas is 
like water : if we have the trunk airtight 
we can fill it up to thfe level of the lid 
crack before the gas will overflow out 
into tile romn. The best means to ren- 
der the trunk gas-tight was found to 
paraffine^ ^e inside of it. This is easi^ 
dune* A quarter of a pound of paraffine 
is iheltad in a pan on the stove, then 
iteniSd 0^ of doors, an important pre- 


caution, and poured into a quart of 
gasoline. The resulting yellow liquid is 
applied to the inside Of the trunk with 
a brush, the precaution having been 
previously taken to paste muslin over 
any large holes. A trunk so paraffined 
should hold water. If it will hold water 
it will also hold gas. Under such con- 
ditions and under these alone will carbon 
bisulphide, tar camphor or para-di- 
chlor-benzeno kill moths. Although a 
few moth balls placed in the pocket of 
Cyril’s coat or moth balls placed in a 
cardboard box may repel the winged 
moth-fly, yet, if one caterpillar is over- 
looked in the brushing, considerable 
damage must result. 

The red cedar chest is an old friend 
among our defenses against the moth. 
Experiments performed by the Depart- 
ment of Agricolture'** have shown that 
our trust is not placed in vain. It has 
been demonstrated that the value ac- 
crues from two facts, first, because the 
chests are tight containers similar to the 
paraffine trunk and, secondly, that some 
sort of fumes are given off by the cedar 
wood which will kiU young caterpillars 
and eggs, although not injuring the 
older ones. 

It is needless to say that for killing 
moths the various substances examined 
were of very different value. Indeed, 
while some were found to be of worth, 
most were valueless. Some gases, that 
will kiU moths will also injure man, so 
that these were discarded in the be^- 
ning. Some others will destroy the ooliikr 
of the dyes. Smne are inflammable; 
some difficult to. procure; and some too 
expensive. Without further discussion I 
maj'’ state that naphthaline or ordiUary 
tar camphor in tim long run is the best. 
As used in the household the fumes are 
harmless to mim ; it win not destroy the 
eolor of the goo^; the fumes qre uon- 

M B. : A., W. I%t. Agr. 

BuU. WftMCSl, 1^24; S.Dept Agr. Bam- 
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inftammaible ; it can be procured at any 
drug store ; a little goes a long way ; and 
it is quite inexpensive. It is ordinarily 
carried in stock in two forms, either as 
crystals or fused, when it is known un- 
der the name of moth balls. In a paraf- 
fined steamer trunk one half a centos 
worth of crystals is equal in killing 
power to about twelve and a half cents ^ 
worth of moth balls at the present price 
of naphthaline (25 cents a pound), but 
the crystals evaporate four times as fast. 
When used in an ordinary trunk the 
amount should be doubled. Although 
one ounce of crystals or a pound of 
moth balls in a paraffined trunk will 
quickly kill the eggs and the newly 
hatched caterpillars, to kill the large 
ones ton days is necessary. It is on this 
information that the recommended prac- 
tice is based. 

This practice is planned to adhere as 
closely as possible to that already in use 
by most housekeepers. It varies from 
this only where the ordinary methods 
are worthless. The reason for each step 
should bo in mind. Indeed, if this is so, 
goods need not be ravaged by moths, - 

(1) The goods are placed in bags of 
any closely woven cotton material or in 
bags of stout paper, the open ends of 
which should be so secured that there 
will be no crack or crevice by which a 
worm or mothfly could gain access. I 
know of two good reasons why this 
should be done out of doors on a sunny 
day. First, direct sunlight with a tem- 
perature of 112® P. will kill the larva 
in a few hours ; and, second, since moth- 
flies hide in dark places none will be 
about when the goods are placed in the 
bags. 

(2) The bags are now placed in a 
paraffined trunk, upon the bottom of 
which is sprinkled a few ounces of crys- 
tallized tar camphor. Why? In the 
first place, the trunk is paraffined to 
prevent the escape and hence the dilu- 
tion of the gas. In the second place, 
crystallized naphthaline is recommended 


because it is about four times as power- 
ful as moth balls. 

(3) In this trunk the bags should 
remain over ten days. Should there be 
a fat caterpillar hiding in the pocket of 
father’s overcoat, ten days in an atmos- 
phere of naphthaline will end his career. 

(4) After the ten days are up the bag 
may be removed to a shelf in a closet or 
to any other convenient storage place. 
This will leave the trunk available for 
more bags of woolen goods. The last 
load may remain in the trunk all sum- 
mer. In using the trunk or chest I must 
insist that three precautions be taken. 
As a killing agent outside of a tight con- 
tainer, tar camphor is not sure ; as a re- 
pellent it is of doubtful value, so trust 
the bag to keep out the moths. Do not 
open a bag after it has been in the 
naphthaline trunk or in the chest. A 
microscopic caterpillar may be hovering 
around the opening only too anxious for 
a chance to rush in. If the bags are 
properly labeled as to contents, they will 
not need to be opened very often. Occa- 
sion sometimes demands that we gain 
access to a sterile bag. After the bag is 
opened and closed and after the opening 
has been secured the bag should again 
be placed in the trunk or chest. If these 
cautions are heeded and precautions are 
taken, Penelope need not worry over 
moths. 

While every housewife has sufficient 
resources to paraffine a trunk, yet a few 
may wish to prepare a more permanent 
receptacle. Indeed the paraffined trunk 
may prove too small, as the author’s wife 
discovered. Becalling Professor How- 
ard ’s‘* description of a chest in the 
household of a ‘^Washington gentle- 
man,” a large chest lined with tin, the 
author constructed two on similar lin^s, 
each as large as two or three ordinary 
trunks^ Substituting galvanized iron 
for tin and constructing a moth-proof 
lid crack, his delighted wife ca^ now 

11 IT. S. Dept. Agr., Pit. Eat,, Bull 4, NT. ft 
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Fio. 4. — A designed and built by the 

AUTHOR FOR THE STORAGE OF WOOL FABRICS. IT 
CONSISTS OF A BOX 5 FT. LONG, 2^ FT. HIGH AND 
2% FT. WIDE OF GALVANIZED IRON. ArOUND THE 
TOP OF THIS BOX IS BOLTED A 2-IN. X 2-IN. FRAME 
IN WHICH THERE IS A GROOVE. THE UD ALSO OF 
GALVANIZED IRON SUPPORTED BY A WOODEN FRAME 
HAS A FLANGE WIUCH FITS INTO THE GROOVE IN 
THE TOP OF THE BOX ; THE GROOVE BEING FILLED 
WITH COTTON WOOL OR COTTON FELT MAKES A 
MOTH-PROOF CRACK. ( SOALE 1 /18 NATURAL SIZE) . 

store away her furs, the children’s 

winter flannels’’ as well as small rugs 
up to five feet wide, with perfect ease of 
mind. Charged with two pounds of 
naphthaline flakes her goods are doubly 
safe against the rairages of moths. (For 
details of construction of the chest, see 
Fig, 4 and Fig. 5.) 

Architects, who are ingenious, can 
even design a moth-proof closet. If a 


Fig. 5. — ^Detail section of the junction of 
LID AND the top OF TBS BOX. THIS SHOWS HOW 
A MOOTH-PROOF crack mat BE MADE. TO THE 
WOODEN LID FRAME (A) IS ^LTED A GALVANIZED 
IRON UD (B) WHICH HAS A %-IN. FLANGE ON 
THE OUTER EDGE. THIS FITS INTO A GROOVE (E) 
WHICH IS MADE BY THE SIDE OF THE BOX (B) 
AND A RABITED GROOVE IN THE BOX FRAME (0). 

The GROOVE (E) is filled with cotton felt 

OR cotton WADDING WHICH WILL PREVENT THE 
PASSAGE OF MOTHS. (SCALE NATURAL SIZE.) 

small tight door with a rubber gasket is 
provided and a charge of naphthaline 
added, one could hang up the winter 
clothes, even the fur coat, without fur- 
ther treatment with the absolute assur- 
ance that no damage will occur over the 
summer. 

We must remember that naphthaline 
gas kills, that naphthaline gas is heavier 
than air, that moths seek dark places to 
lay their eggs, that moth-proof cracks 
and naphthaline tight containers can be 
constructed * with all this knowledge 
before us, the unnatural history of the 
moth will come to a conclusion. 
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THE MEDICAL CEKTEB AS IT WILL APPEAB WHEN COMPLETED. 



THE MEDICAL CENTER IN NEW YORK CITY 

By C. CHAKLES BOREIKOAHE, HJ>. 

JOINT ADMINISTRATIVE BOARD OT THE ItKDICAL CENTER 


Disease is as ancient as man himself. 
Hardly was he born before he began the 
fight against this, his natural foe. But 
for thousands of years he clung to the 
belief that he had been entered by an 
evil spirit or was being visited by the 
vnrath of an offended deity, and so tried 
to combat it with charms, incantations, 
dances and sacrifices to the gods. 

It is difficult for the present genera- 
tion to understand that for these ages 
past medicine and disease have been sur- 
rounded with mysticism and confounded 
with religion; and yet men born in the 
nineteenth century believed in these 
things. Our great-grandparents found 
it easier to give credence to these an- 
cient doctrines than to the theory that 
disease was caused by a germ. It was 
in the early days of our own New En- 
gland states that there was belief in some 
of these old conceptions, as witness the 
Salem witchcraft, when learned men of 
medicine testified that children with 
epileptic attacks had been bewitched, 
and often the "guilty witch” was de- 
stroyed by the state. 

We can with interest, and even amuse- 
ment, look back upon the doctors’ pre- 
scriptions of but a short time ago which 
contained dozens of ingredients, often 
of superstitious origin, such as moss 
from a dead nion’s skull. As late as 
1820 the old Bedlam Hospital in London 
exploited its insane patients as a source 
of income, exhibiting them "in cages like 
monkeys at a j^tiny a look. ” 

Idedical scienoe has traveled far since 
the SupOrstifSons of these early days, but 
most of the journey hds been within two 
gyrations. ; Cdrioasly enough, the be- 
fbwbtig Of ti^ ehlighteiiment did not 


come about through any understanding 
of what disease really was, nor as a re- 
sult of logical thinking in regard to its 
treatment, but as a by-product of the 
growing sciences of chemistry, biology, 
physios and other branches of learning. 
It was in the reflected light of these 
growing sciences that scientific medicine 
had its origin. 

Since the introduction into the medical 
world of bacteriology by Pasteur and 
Koch, but a generation ago, scientific 
knowledge in medicine has increased so 
tremendously as to have broken medicine 
up into multiple specialties which are 
ever increasing. So rapidly did this 
specialization develop that the beginning 
of the twentieth century found the medi- 
cal sciences in isolated groups which had 
sprung up around the work of some par- 
ticular man or line of research. The re- 
sultant lack of coordination has sharply 
limited progress, and the tendency to- 
ward centralization is now as intense as 
was the preceding trend toward indi- 
vidualized specialization. The medical 
center movements all over the world are 
an effort to physically, and thereby in- 
tellectually, bring together the scattered 
elements of medical research, medical 
teaching and medical care. ' 

These groupings of isolated schools of 
medicine, dentistry, nursing, pharmat^, 
public heidth and socihl service, with 
general and specialty hospitals and in- 
stitutiems for research in the different 
branches, are gradually taking place in 
varying degrees of completeness, as, for 
example, at Johns Hopkins Hniversity, 
the Mayo Clinic, Harvard Unlversi^, 
St. Louis ahd in Chi^o; but New Yw^, 
despite the unusual resources at her very 
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THE PRESBYTERIAN HOSPITAL 

WITH Harxnkss Pavilion and Babies Hospitai^ from thb abchitbct drawing. 


Babies Hospital of the City of New 
York, the Neurological Institute of New 
York, Vanderbilt Clinic, the Sloane Hos- 
pital for Women and the Squier Urologi- 
cal Clinic all became part of the move- 
ment. To the Joint Administrative 
Board were sent additional representa- 
tives until to-day it is constituted as fol- 
lows: Wm. Barclay Parsons, John G. 
Milbum, Walter B. James, M.D., Dean 
Sage, Edward 8, HarknesS, Henry W. 
de Forest, John Sherman Hoyt, Robert 
Thome, Nevrcotnb Carlton, Jackson E. 
Reynolds and W. E. S. Griswold, with 
William Darrach, M.D,, dean of the 
medical school, as an advisory member, 
and €. C. Burlingame, M.D., the execu- 
tive oflBcer. 

These institutions have all pledged 
themselves to remove the conditions 
which for generations have handicapped 
the care of patients, teachiiig 
search by rebuilding together un a sihiKte 


door, has been somewhat tardy in taking 
her place. 

The New York Medical Center had its 
beginning in 1911, when an agreement 
was executed between Columbia Univer- 
sity and the Presbyterian Hospital, 
whereby the latter became a “teaching 
hospital^ ^ for the university's school of 
medicine, the College of Physicians and 
Surgeons. This eventuated in 1921 in 
the formation of a Joint Administrative 
Board to develop a complete medical cen- 
ter. These two institutions formed the 
nucleus of what in the past five years 
has become a most unusual grouping of 
long^established specialty hospit^ and 
research institutions. Already, six in- 
stitutions, each outstanding in its own 
particular field, have, by executed agree- 
ment, taken their places beside these par- 
ent institutions. 

In 1924 the New York State Paychi- 
atrie Institute and Hospital became as- 
sociated amd the following year the 





MEDICAL CENTER IN NEW YORK CITY 


61 



the IIOBFItIl 

AS IT APn!AiiX& OK AtmOST 87 


plot of gro^d of tWefitjr acres at Brood- Each inatitutiozi is being reconstroeted 
wAy and Stmt, , ' with' a rcaliaation of the rei^iuiibilitjr 

Already boi^ital and ^Dol buildings, that it must earxy as its own speeiflo 
involTing Ofbr 419,0^,000, are under part in aadical t>^ogreea, but it is in- 
way whih the praapaet that in 1928 most spiriag to note that it is also rebuil^Bg 
of i&e'lnjnitutions will begin to operate T^th a full reidiaation of the part it 
ipg^her as units of New Yoih's Medical must play as one of the group engaged 

in the high purpose of blendhig iiu^ 
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AEBOPLAITE VIEW OF CONSTRUCTION TO OCTOBER, 1926. 
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tutional ambitions with '‘whatever is 
best for scientific medicine and for those 
who are sick/^ 

The practical accomplishments to date 
are significant. A twenty-two-story com- 
bined building, costing nearly $15,000,- 
000 to build and equip, is more than 50 
per cent. constructe<l. Under this roof, 
all obstacles of distance eliminated, will 
be the Presbyterian Hospital in the City 
of New York, the College of Physicians 
and Surgeons of Columbia University, 
the Sloane Hospital for Women, the 
Squier Urological Clinic, the Vanderbilt 
Clinic and the Harkness Private Patient 
Pavilion. The resources of these insti- 
tutions have been conserved by doing 
away with duplication of effort and un- 
productive competition between them. 

During the month of December the 
steeL work w'as e-ompleted for a four- 
teen-story building, costing $1,100,000, 
to hou^ the Presbyterian Hospital 
School ™ Nursing. This school is es- 
tablishing a new policy which limits 
their students to three hundred as the 
ideal number that can be taught in a 
single teaching unit. This policy is an- 
other departure from the old order of 
things when the number of pupil nurses 
was determined solely by the liospital 
nursing needs rather than by the ideal 
conditions for instruction. 

Excavations are nearly completed for 
the New York State Psychiatric In.sti- 
tute and Hospital, which will cost in ex- 
cess of $1,600,0()0. This is to be a 
twenty-story building, with the first ten 
stories a hospital for a special group of 
two hundred patients and the upper half 


of the building devoted to facilities for 
instruction and for research in the prob- 
lems of mental diseases. It will become 
the ultra-scientific center for the New 
York State hospital system with its 
45,000 bods. 

The Neurological Institute of New 
York has completed plans for a million 
dollar building which will care for two 
hundred patients, while the management 
of The Babies’ Hospital is completing 
plans for a 160-bed institution. The 
actual construction of both of these 
buildings is scheduled to begin during 
the winter. 

Stupendous as this grouping already 
is, there are still other branches which 
must be included before the picture can 
be called complete. To this end active 
negotiations are under way for the in- 
clusion of dentistry, which has become so 
interwoven with the study of medicine 
that it can not be ignored, for all allied 
schools and other types of specialty hos- 
pitals, even to provision for the care of 
the convalescent patient. 

The entire movement has been referred 
to in a materialistic way as the greatest 
building operation of its kind in the 
world j the expenditure, at one time, for 
hospital and educational buildings has 
been painted to as without precedent; 
as the highest hospital building in the 
world, it has attracted attention ; as a 
unique of coordination it has be- 
come interesting ; bat it is the opportun- 
ity for complete intellectual unifying qf 
scientific medicine in all its branches 
which has been the impelling motive in 
the movement. 



THE DISCOVERY OF ANESTHESIA 

By Dr. C. A. H. SMITH 


The commonplace use of various 
agents for the relief of pain in surgical 
operations is taken for granted at the 
present time, and the most important 
discovery of American medicine in the 
last century is in danger of being for- 
gotten. Surgery witliout anesthetics is 
too horrible to contemplate, yet not un- 
til 184(5 was there a practical means of 
controlling pain. But at the time there 
were four principal claimants of the 
title of discovery, all of them Americans 
and all responsible for so much bicker- 
ing and blustering that the true magni- 
tude (}[ the discovery was clouded and is 
to-day forgotten, while all the mechani- 
cal products of American ingenuity are 
still praivsed as the greatest contribution 
to humanity. 

The slightest operation in pre-anes- 
thetic times was deservedly viewed with 
horror and repugnance. John Hunter, 
the famous Knglish surgeon, spoke of 
operations as “humiliating examples of 
the inexpertness of science, and of 
surgeons as “no better than armed 
savages. ^ ^ 

The surgeons themselves looked upon 
operative surgery as the lowest and 
poorest branch of the profession, and 
care and finesse was forgotten in the 
attempt to minimize the patient's suf- 
fering. 

Still there were some who became 
hardened to the profession, and in 1784 
one James Moore, a member of the 
Surgeons Company of London, published 
a pamphlet descriptive of a “Method of 
Preventing or Diminishing Pain in Sev- 
eral Operations of Surgery." There 
was no remarkable advance described in 
his paper, but the introductory para- 
graphs are so accurate a comment on 


early medicine that they are well worth 
repeating. 

He says ; 

If any of the professions were in a particu- 
lar mannor to be distiTiguished by the name of 
humane, we might naturally expect — it would 
l>e that whose particular object it is to re- 
lievo the sufferings of humanity. And, if a 
greater degree of compassion and sympathy 
were looked for among any one class than any 
other, we should expect to find it in the breasts 
of those who pass their lives in the duties of 
so benevolent a profession as physicians. 
Physicians have been a(*.cu8ed of a want of 
feeling for the distresses of human nature and 
surgeons of actual eniolty. 

Tlie lack of consideration for those in 
pain was not, however, due to lack of 
interest but to a lack of agents to con- 
trol pain. From the earliest period of 
medical history there are stories of vari- 
ous schemes to control pain. Opium, 
laudanum, alcohol and such drugs were 
tried and found wanting. After Mes- 
mer spread his mysterious doctrines, 
hypnotism was used with considerable 
success. But there was nothing that was 
easily and universally applicable to all 
cases, and the general public had good 
reason for avoiding the early hospitals. 

It remained for a young American 
citizen to perfect a process that is still 
in use with very little change. The nat- 
ural expectation would be that he would 
be rewarded for his work, but, to the 
contrary, never was a man more abused 
and never were more absurd attempts 
made to discredit a product of patient 
and careful experimentation. Even to- 
day there are some groups that wish to 
deny any honor to him, although for the 
great part this is due to local sectional 
jealousy and not from the violent per- 
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©ISCOVEBY 

Mtodl hatved that ^aa so avidast at the 
tima. 

Thwa were aaveral individvala, all of 
whom ware ponaseed of aolBeiant axpari- 
mental informatioin to obtain oredit for 
iha diseovary, but either tbrongh fear, 
earaleaanees or lack of proper apprecia- 
tion of its value they all withheld their 
knowledge till after Dr. W. T. G. Mor- 
ton had braved Gie unknown and dem- 
onstrated the possibilities of ether. A 
careful study of the evidence can not 
help but convince the unprejudiced 
observer that Morton was alone respon- 
sible for the itttroduetion of ether into 
use as an anesthetic, although Dr. 
Horaoe 'Wells, of Hartford, Connecticut, 
and Dr. Charles Jackson, of Boston, 
ware working along the same lines and 
Morton very probably worked with them 
to some extent. Dr. Crawford Long, of 
Atlanta, Georgia, had used ether prior 
to Morton, but as I diall diow later did 
not fnUy appt«ciate the importance of 
the mater^ 

Morton was bom in Charlton, Wor- 
cester County, Massachusetts, on Au- 
gust 19, 1819. His education was 
sliiBfatliy better than the ordinary and 
from earliest childhood he tried to fit 
himsdf to becoBM a physician. From 
various reasons, prinohiMlly lack of 
fun^, he was unable to acMeve his 
ambition and we find him in early man- 
hood ahifliag badt and forth from one 
job to another. A disastrous business 
rantUM eaused Mm to beoome dissatiB- 
fled with a eoinmereisl career, and he 
dsdded to taWe up some prolSosion, eyen 
Ihoq^ it eoMd not; be ^ eery one he 
w«iitted» the dental profeanon had just 
brthssi away loonded 

Hs awn sdiodk shd as iMs had some 
’rsMmiliiiM .«arHor:'''dedi«, .^ptmng 

dentist^. 

'vAI '^;ptHdo4 'dentM# :left . much 

.Hands, 'a- 
said; 

' ia.- 


OF ANBStHESIA 

with inditiduals, igniUhnt alike of its 
theory and practice, and hence Jits" 
character hae suffered in pnhlie estima- 
tion— the pallfag of the dentist hes bean 
resorted to by the ignorant and illiterate 
and, I am eorry to say, in too many in- 
Btanoes by the unprincipalled. ...” 
This was none too eevere an indictment, 
and it was only throoidi the efforts of 
snch mm as Harris and Morton that 
dentistry was to survive as a separate 
profession and eventually beeonw recog- 
nised as one of public necessity. 

The Baltimore Ccdlege of Dental 
Surgery was founded in 1840, and 
Morton was one of its first graduates. 
While there he met Horace 'WeBS and 
after graduation they set np in partner- 
ship in Boston. As usual with sueh 
affairs there was not enough busineBS lor 
both and they separated. Wells going to 
Hartford and Morton staying in Boston. 

At this time there were many leetnr- 
era touring the country who gave enter- 
tainments at the clubs and lyeeuma, 
where the natives of the smaller eommu- 
nitieB whiled away the winter hours. 
Among these waa a Mr. G. Q. Colton, ^ 
who came to Hartford and gave a dem- 
ODstratioi and laetnre on nitroua oxide 
or ''lauihiug gu," as it was popularly 
known. Whm the gas ia administered 
in an impuiu atate the (fimraeteristie 
symptoma of exhilaration alw quite 
amusing to an audienoe and his ieotUre 
was very geUshatllr sueeeasfnL Dr. 
Wells was very much interested end. 
induced Colton to give a private 4emon-':4 
strmiOn on fleeembw 11, 1841 At thia 
tima WeUa notiesd that the subleet wee 
to phsiieai pi^ Tm fsct 
loa^' Mm 'Wnhidar wtoiher or smt he 
could use it Mr 1# putfm^ he vol- 
untaxiip toMc oadde and 

white iipdim he had a tooth 

'this iS' 

.ihs>ltteit';i!<teuf^ lDls(ahee.:of A':.sdrgieal' 

' . on- ah 

at , 
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nitrous oxide. Wells experimented dur- 
ing the winter and used his own patients 
as subjects. Early in 1845 he went to 
Boston to give a demonstration before 
Dr. Jolm Warren's class of medical 
students. Owing to poor equipment or 
haphazard administration he was totally 
unsuccessful, for the patient cried out, 
the students jeered and Wells returned 
to Hartford discouraged and discred- 
ited. His lack of experience alone pre- 
vented him from being successful, but 
the entire matter so weighed on his high- 
strung mind that he retired from prac- 
tice, and after a short stay abroad he 
committed suicide. This tragic ending, 
together with Wells’s pleasing person- 
ality, did much to bring trouble on 
Morton’s head at a later date. Wells 
should have all the credit that is justly 
due him, but if the world had been com- 
pelled to wait for some development to 
come from his work, there would have 
been a much longer period of time 
before the process was entirely per- 
fected. As a matter of fact nitrous 
oxide was practically abandoned until 
G. Q. Colton resurrected the method in 
1862. 

Morton had assisted Wells at this 
fiasco and they must have discussed the 
subject thoroughly, but outside of the 
fact that Wells tried and failed at a 
public demonstration, while Morton 
tried and succeeded, there is no reason 
to believe that one helped the other to 
any great extent. The inhalation of 
fumes in medical practice was no new 
feature; in fact, ether was used in ex- 
treme cases of consumption and had 
been used as a local refrigerant at vari- 
ous times. Wells and Morton were 
working along the same lines and it is 
no wonder that it is difficult to assign 
credit definitely to one or the other, for 
they were associates and students to- 
gether during the entire period, up 
until Wells’s public demonstration. 
Morton had begun to work along differ- 


ent lines, and he drew as much inspira- 
tion from other sources as he did from 
Wells. 

After the break in partnership, Mor- 
ton had prospered, in fact, work came in 
so rapidly that he was compelled to hire 
several assistants. He had made several 
improvements in dental technique, and 
he was one of the best known practition- 
ers in the city. His craving for a medi- 
cal education still remained unsatisfied, 
so that in 1844 he entered Harvard 
Medical School. Morton was required 
to select one man from among the medi- 
cal men of the city as preceptor or guide, 
and he chose Dr. Charles T. Jackson, 
then acknowledged the foremost chemist 
of the city and the one man most likely 
to help Morton in his work. The latter 
had not completely hidden the fact that 
he hoped to find some agent capable of 
deadening pain and Jackson had sug- 
gested sulphuric ether as a local appli- 
cation over sensitive tissue and they had 
discussed the properties of several other 
drugs at various times. Jackson claimed 
later that he knew that sulphuric ether 
would produce stupefaction when in- 
haled, but he did not make any such 
assertion publicly prior to Morton’s 
demonstration. 

The few known facts concerning ether 
impressed Morton and he set himself to 
determine all the properties of the sub- 
stance. He read what little he could find 
and experimented with ether on small 
animals and on himself. It was custo- 
mary for those that knew a little about 
ether to inhale the fumes up to the point 
where dizziness and a slight degree of 
intoxication was produced. This '‘ether 
jag” was well known among medical 
students and chemists and was prac- 
ticed more or less openly. Morton tried 
to carry the state beyond the intoxica- 
tion stage and at one time made himself 
deathly ill by inhaling the fumes of 
ether and opium together. His attend- 
ance at the medical school must have 
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been rather sketchy) for he was carrying 
on these experiments together with his 
dental practice at the same time. 

On September 30, 1846, he adminis- 
tered the ether to one Eben Frost for 
the extraction of a tooth. The next day 
the Boston Evening Journal published a 
news item concerning this event Mor- 
ton then felt that he must give a public 
demonstration, so he went to Dr. John 
Warren, professor of surgery at the 
medical school, and asked permission to 
appear before tlie surgical clinic at the 
Massachusetts General Hospital. War- 
ren had known Morton for some time 
and had a good opinion of the latter’s 
professional attainments, so he readily 
gave consent. In this matter Morton 
showed that he was willing to jeopardize 
his reputation by appearing before the 
same group that had condemned Wells. 

At that time the Massachusetts Gen- 
eral Hospital was the largest and best in 
the city of Boston, and in addition to its 
size and convenience had a surgical staff 
that was second to none in the country. 
The building was an impressive struc- 
ture, standing as it did near the Charles 
River, where the stately Bulfinch dome 
and granite columns at the entrance 
gave an air of dignity and eminence tliat 
was well upheld by the standards of 
medical practice of the institution. It 
was especially noted for the neatness 
and cleanness of the interior, a matter 
that was not as generally emphasized in 
the hospitals of that time as it is to-day. 

The operating amphitheater was 
directly tinder the dome and presented 
a much different appearance than the 
tiled and aseptic rooms now in use. 
Around about the old room were large 
cases containing surgical instruments, 
while chairs and tables of curious and 
unusual construction were scattered here 
and there about the pit. The many 
hooks, rings, pulleys and other restrain- 
ing devices that were to be found on the 
walls all testified to the necessary brutal- 
ity of Surgery of the period. The pro- 


found learning of Boston medical 
society was shown by the presence of an 
Egyptian mummy whose lugubrious 
countenance must have been an ever- 
inspiring spectacle in this den of hor- 
rors. The surgeons themselves were 
accustomed to come directly from their 
offices in all the glory of whiskers, stove- 
pipe hats and frock coats, with their 
spare instruments in their pockets, for 
sterilization was as yet unknown and 
patients still died of bilious fevers” 
and ” humours.” There were generally 
a crowd of medical students on the 
benches that sloped up in tiers from the 
pit, and their appearance could not have 
been very inspiring, for the students of 
that age were notoriously unkempt. 

Warren had set the date for October 
16, 1846, and there was to be a repre- 
sentative gathering of the surgeons of 
the city. There had already been much 
angry discussion as to the possibility of 
Morton doing what he claimed, and 
there was a considerable group that did 
not like him personally, for his rather 
shy nature and the fact that he was only 
a dentist or at best merely a medical 
student was not entirely in his favor. 

There was great difficulty in getting 
an inhaler suitable for the occasion. As 
there was no precedent for this work, 
Morton was accustomed to administer 
the ether from a bottle with a long snout 
that was inserted in the patient ’s mouth 
and on which he sucked ratlier than by 
the administration of the ether with a 
mask over the mouth and nostrils as is 
done to-day. The instrument maker was 
not able to devise an appliance that 
entirely satisfied Morton and at last he 
took a hand and made something up to 
his own specifications. Warren was 
kept waiting beyond the time agreed 
upon, and he had about decided that 
Morton had failed him, so that he 
turned to his colleagues and said, ''As 
Dr. Morton haa not arrived, I presume 
he is otherwise engaged.” Just then 
Morton came. The patient was willing 
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to have anything done to alleviate the 
pain and with few preliminaries the 
administration began. The spectators 
rather expected a repetition of the 
Wells fiasco but nothing unusual hap- 
pened and the patient soon lapsed into 
a deep slumber. Morton turned -to 
Warren and said, ‘*Your patient is 
ready, sir^'; and the operation was 
begun while an astounded silence fell on 
the room. Accustomed as the surgeons 
were to the struggles and torture of 
their patients, this seemed like black 
magic. Warren finished and broke the 
silence with, “Gentlemen, this is no 
humbug.'* Dr. Bigelow chimed in with, 
‘ ^ I have seen something to-day that will 
go round the world." There should 
have been a prayer of thanksgiving 
offered up in the old Puritan town on 
that occasion if ever. 

The news spread rapidly and Morton 
was called upon to administer the ether 
for many cases. There were many ref- 
erences to the discovery in the Boston 
and New York papers, at first quite 
complimentary, but soon there was criti- 
cism and doubt as to the merit of the 
preparation. Morton had added some 
aromatic oils to the sulphuric ether to 
disguise the odor, but he had told the 
surgeons at the hospital that the active 
agent was none other than the ether. 
There was nothing essentially wrong in 
Morton's conduct in this regard, for he 
had assumed an immense amount of risk 
in his experimental and practical use of 
the agent, and the unpleasant results 
that followed when the application was 
in unskilled hands only emphasized this 
point. 

Unexpected opposition came from 
some of the clergy, based on the assump- 
tion that pain was the direct conse- 
quence of original sin and therefore 
must be endured. Morton was threat- 
ened with prosecution and there was 
general condemnation of this terrible 
drug that set aside the laws of God and 
man. Dire pictures were painted of the 


use of this drug by criminals and all the 
hysterical fire of misguided religious 
zeal was brought to bear upon the 
matter. 

One clergyman wrote of ether as “a 
decoy in the hands of Satan, apparently 
offering itself to bless Woman, but in 
the end it will harden society and rob 
God of the deep earnest cries that rise in 
time of trouble for help, * * Such stupid- 
ity seems incredible, but there were to 
be even more serious attempts to dis- 
credit Morton. No scurrility was too 
harsh to be applied to him, and the half 
truths and slighting comment often 
came from his neighbors and profes- 
sional associates, the ones who were the 
first to be freed from that intolerable 
agony of pain that had so long burdened 
the human race. 

Following the custom of the time, 
Morton patented his discovery. There 
is no doubt but that be hoped to profit 
by his effort, and in any other branch 
of endeavor there would have been no 
objection. However, there has always 
been considerable feeling among the 
medical and dental practitioners that 
humanity had need of every process for 
the alleviation of suffering without let 
or hindrance, so that rights and patents 
held by any one practitioner are foreign 
to the spirit of medical justice. Be that 
as it may, Morton gave his formula 
freely to the Massachusetts General Hos- 
pital without charge and only intended 
to profit by the sale of the preparation, 
called “Letheon." But eveiy one knew 
that he was using ether and there was 
no particular need of buying a patented 
preparation when the pure ether oould 
be obtained from a chemist. 

It is interesting to note that the 
physician-author, Oliver Wendell 
Holmes, in a personal letter to Morton 
suggested the use of a new term *'anesh 
thesia" to describe the state' produced 
by the application of the drug. Dr. 
Holmes continued as a friend and $up- 
porter, and it was only through the help 
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of such men as Holmes, Warren and 
Bigelow that Morton was able to weather 
the storm that was about to break. 

The opposition grew stronger within 
the first few months of the new year 
(1847), and the storm of protest and 
recrimination aimed at Morton fouled 
his fame and even to-day is responsible 
for the lack of appreciation of his work. 
The most abominable blow came from 
the members of his own profession in the 
form of a manifesto, published in the 
Boston Daily Advertiser and signed by 
Dr. J. J. Flagg and most of the leading 
dentists of Boston, making a formal pro- 
test against the use of ether and predict- 
ing all sorts of dire calamities from its 
use. This was to confront Morton at 
every turn and be used to discredit him 
when he went to other commimities. 

Chwp cynicism and irony were lav- 
ished upon the discovery by jealous 
medical men from less enlightened areas 
as follows: 

Professor A. Westcott, of Baltimore, 
remarked that if Morton’s sucking bot- 
tle would perform all the marvels 
accredited to it, the proper place for its 
use would be for squalling infants in the 
nursery; B. M. Huston, M.D., Philadel- 
phia, “Quackery”; Wm. C. Roberts, 
M.D., New York City, “Humbug and a 
patented nostrum.” 

The editors of a New Orleans medical 
journal could not understand why the 
surgeons of Boston were captivated by 
such an invention, when mesmerism had 
accomplished a thousand times greater 
wonders. 

It seemed as if -the entire medical 
profession, outside of a few men in Bos- 
ton, felt personally insulted that they 
had not been taken into confidence re- 
garding this Invmtion. 

The efforts to discredit Morton are 
too loathsome to repeat Re was perse- 
cuted unmercifully, his dental practice 
bn^n up, his personal morals viciously 
attacked and every possible effort made 
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to alienate any affection that his friends 
might have for him. The attacks were 
carried into his own home and he and 
his wife suffered endless humiliation. 
There was no limit to which his enemies 
would not go, and at times it was actu- 
ally dangerous for him to appear in 
public. When he went to a small town 
near Boston to escape his persecutors, 
he was burned in effigy on the stroets. 
Such humiliation is sddom the lot of 
him who has benefited mankind with one 
of the truly great gifts. 

Dr. Jackson, his old preceptor, had 
been included with Morton when the 
patent was taken out. The attorney ad- 
vised that this be done, for Jackson had 
prior knowledge of the work and that 
might have been sufficient to bring the 
originality of the discovery into ques- 
tion. Jackson had refused to be in- 
cluded at first, saying that he might lose 
his professional standing by taking out 
a patent on a secret preparation. This 
objection he finally withdrew, and when 
the patent was issued on October 27, 
1846, Jackson was a co-patentee. Later 
Jackson was to claim the entire credit 
for the discovery in a letter to the 
French Academy of Sciences, and the 
final result was an extremely virulent 
quarrel between Morton and Jackson. 
The most that can be said of Jackson’s 
claim is that more credence could be 
given to it if there were any record of 
his making a public statement concern- 
ing the properties of ether, prior to Mor- 
ton ’s demonstration. If Jackson did 
know all about the material and its uses, 
as he very probably did, he was per- 
fectly willing that Morton assume all the 
risk and responsibility for manslaughter 
that attached to the administration of 
the drug. 

An application was made to Congress 
for recognition of Morton’s discovery 
and to obtain an appropriation worthy 
of the work. The lawmakers were so 
hectored and fltistered by the claims and 



70 


THE SCIENTIFIC MONTHLY 


counter-claims of the partisans of Jack- 
son and Wells that they were unable to 
come to a definite agreement ; no credit 
was given to any one and Morton re- 
tired, poorer and more discouraged than 
ever. 

There was an additional claimant at 
this time, one Dr. Crawford Long, of 
Atlanta, Georgia. He had seen ether 
used for jags and sprees, had experi- 
mented with it on some patients and, it 
is said, used ether for anesthetic pur- 
poses two years prior to Morton public 
demonstration. The evidence is quite 
obscure on this, but Long himself ad- 
mitted in the Southern Medical and Sur- 
gical Journal of December, 1849, that he 
had not progressed far enough to be sure 
of his ground. Such action as he took 
after the public interest in Morton’s 
work would seem to be simply an effort 
to steal Morton’s glory. Long aban- 
doned his experimentation and certainly 
had no appreciation of the possibilities 
of the drug. He was simply one of the 
many others who had the chance to 
bring the hidden facts to light but was 
incapable of doing so. Sir Humphry 
Davy had written of nitrous oxide in 
1800, that it was capable of producing 
stupefaction and insensibility to pain. 
The materials for all the discoveries that 
have blessed mankind have stood ready 
at hand since the beginning of time, but 


only those who are able to recognize 
and put the unknown to use should have 
credit as discoverers. 

Wells and Long both deserved better 
fortune. Jackson has not a glimmer of 
justification in his claim. Morton suc- 
ceeded where the others failed but reaped 
a whirlwind of abuse that was the most 
humiliating ever visited on a great 
pioneer. 

The shoddy methods used to discredit 
Morton were entirely unjustified. The 
only considerable honor that he received 
in his lifetime was a gold medal from 
the French Academy of Sciences and an 
honorary medical degree from an Amer- 
ican university. There is every reason 
why his name should rank with that of 
the great Americans, for to him must go 
the entire credit of risking his life and 
happiness in order that mankind be 
freed from pain. 

The epitaph on his tombstone in 
Mount Auburn Cemetery at Cambridge 
best describes his lasting claim to fame : 

Dr. W. T. G. Morton 

Born August 19 1819. 

Died July 15 1808. 

Inventor and Bevealor of Anaesthetic Inhala- 
tion. 

Before Whom in all Times Surgery was Agony. 
By Whom Pain in Surgery was Averted and 
Annuled. 

Since Whom Science Has Control of Pain. 



AN EXPLORER’S EXPERIENCE WITH THE 
GREENLAND GLACIAL ANTICYCLONE 

Bf Profenor WILLIAM HERBERT HOBBS 

UNmausiTT OP inomaAN 


The winds upon our planet are set in 
motion by extremes of temperature be- 
tween the hot equatorial belt and two 
vast refrigerating areas which are lo- 
cated, one to the northward over the ice- 
dome upon the continent of Greenland, 
and the other to the southward above a 
similar dome which overwhelms the 
great Antarctic continent.^ Of all 
Greenland explorers five only — Nansen, 
Peary, J. P. Koch, de Quervain and 
Rasmussen — have had personal experi- 
ences with the glacial anticyclone in both 
of its major aspects. These are: the 
calm interior region of excessive cold, 
and the contrasted outer slope region of 
violent down-slope winds alternating 
with occasional calms. Of the five ex- 
plorers mentioned, two only — Dr. de 
Quervain, of Switzerland, and Colonel 
J. P. Koch, of Denmark— have pene- 
trated far into the interior. The Swiss 
and the Danish explorers have each 
crossed Greenland from coast to coast 
near where the continent is widest. Their 
narrative accounts of these expeditions 
are closely in harmony, but the technical 
scientific report by Colonel Koch is not 
yet in print. It is for this reason that a 
popular article published in 1914 in the 
German language in Ueber Land und 

1 W. H. Hobbfl, Exploration of the Pole* of 
Wind on onr Planet — ^Badio Talk* on Science,” 
SoDENTiPio ICONTBLV, Vol. 22, May, 1926, pp. 
456-455, A technical account is contain^ in 
''The Glacial Anticyclones, the Poles of the 
Atmospheric Oirculation,” XTnlv. of Mich. 
Studies Be!. Ser., Vol. IV, 1926, pp. 198, pis, S, 
flg*. 58. Sold by the Libiaiy of the Univereity 
of Michigan. 


Meer* has great interest and significance. 

This article appears to be practically 
unknown to meteorologists or others in- 
terested, and as the story told is set forth 
in clear and forceful language and is al- 
together the best account of such an ex- 
perience that anywhere exists, the writer 
of this article has obtained the permis- 
sion of Colonel Koch to publish the es- 
sential parts in translation. 

The transection of the Greenland ice- 
dome was undertaken by Colonel Koch 
in the very early summer of 1913. He 
started out on April 20 from Danmarks- 
Havn near Cape Bismarck on the east 
coast in latitude 77®, and came down to 
the west coast at Upcniivik in latitude 
72® 30'. This expedition across a bar- 
ren waste of eight hundred miles of snow 
and ice was undertaken solely for scien- 
tific purposes, and the party consisted of 
four men, one of them the eminent me- 
teorologist, Dr, Alfred Wegener. For 
draft animals Icelandic ponies were 
taken, and the full story of the affection 
of the men for “Grauni” and the at- 
tempt to get this superb animal across to 
the west coast is one which is full of 
human interest but which must be left 
for telling in another place. In what 
follows we shall use the words of Colonel 
Koch’s narrative in translation begin- 
ning with the departure from the east 
coast: 

* Captain J. P. Koch, "Die erste Duroh- 
querung MittolgrSiiland*, Erfahmngen au* dar 
dkniachen ForaehnngBreiie 1912/13.” Uebtr 
Land und Meer, 80 Jahrgaag, 1914, pp. 1721- 
1729 (with 12 WuatrationB). 
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The sledges stood in a row loaded and har- 
nessed with the muzsles all turned to the west- 
ward. . . . 

A sky covered with heavy gray clouds; only 
in the northeast a weakly glowing light which 
announced the dawning day; deep bluish tones 
in the east above the steep rock cliffs on the 
Mt>rkefjord, Hollefjord and Teufelkap; bright 
light yellowish-red colors in the west over the 
peaks of Queen Louise Land; complete calm, 
the flag over the ^ * Borg ’ ’ hung dead against its 
staff in mournful folds. 

I gave the command for the departure. The 
sledges slipped forward without noise over the 
soft freshly-fallen snow. . . . 

A light breath of wind wafted down from the 
north over the Storstrommen. The flag over the 
^^Borg’’ opened out its folds, it nodded and 
waved to us with its threadbare fringed cloth. 

That was the last greeting of our home to us. 

It was a hard journey. Each day wind and 
snow — often stormy blows — and always against 
ns. We learned to know it, this lashing drift 
snow which filled the air. It whirled up under 
the hoofs of the ponies and the runners of the 
sledges; it cemented itself firmly in the woollen 
cloth, the furs and the hair of the poniea It 
penetrated into the skin and burned in the eyes, 
and we were forced to put on snow spectacles. 
It almost hid the sun, so that everything became 
gray in gray. One could no longer see where to 
place his feet and fell down in the hard fur- 
rowed snow, got up, groped about, slipped, and 
fell again. 

In the long run this continual drift snow, 
which permitted us neither rest nor quiet, was 
unbelievably exhausting. At first we thought 
that we had ill luck with the weather. We were 
inclined to lie still if the drift snow was heavy, 
for we believed it was more economical to wait 
for good weather. It tired the ponies to draw 
the heavy loads in the blizzard; they became 
snow-blind, their eyes became inflamed and dis* 
charged pus. But gradually it became clear to 
us that wind and drift snow was the normal 
condition within the marginal zone of the in- 
land-ice, If we wanted to advance over Green- 
land we must come to terms with the conditions 
as they really were. 

On the 6th of May we passed the outermost 
nunatoks toward the west. Now we had the 
land b^ind us and were spared the many curv- 
ing detours which till now wo had been forced 
to make. Before us lay the vast sea of snow 
of the interior of Greenland. We were upon 
the open sea, could lay our course in the 
way as the mariner who steers his ship from 
coast to coast. 


From this moment we went on with certainty 
and uniformly, though slowly^— at the average 
rate of 15 kilometers daily. Exactly this speed 
which 1 had laid out in my estimates as funda- 
mental in respect to provisions and fodder. In 
spite of this, because of its monotony, the 
journey was extremely wearying. Always the 
same, blue- gray sky, always the same unchang- 
ing white snow surface, no clouds, no naked 
rock peaks which can interrupt the monotoi^ 
and excite the imagination. 

In the measure that we advanced farther, the 
wind fell off. In the middle of Greenland it 
became quite calm. The place of the snow 
drift was taken by mist, which usually in the 
morning would be so dense as completely to 
hide the sun. The air was over-saturated with 
moisture. Clothes, especially furs and stock- 
ings, were therefore constantly wet. Only in a 
few instances did we sucoeeed in drying them 
to a certain degree. 

Yet the hnmidity never so got the upperhand 
of us as to become a torment. However, one 
shrinks from putting his feet into wet socks and 
kamiks> in order to keep warm. That was all, 
however. 

The sun bothered us somewhat more. During 
the day it overcame the mist, and toward twelve 
0 ’clock it fell directly into our faoea We were 
high up. The barometer reading showed less 
than 500 millimeters. The air was so thin that 
it was unable to absorb the ultra-violet rays of 
the sun which act so injuriously upon the skin. 
One’s skin burned therefore on the face and 
nose. The cheeks and lips especially became 
covered by quite painful blisters which exuded 
strongly. The cold struck into the wounds 
which made the situation naturally no better. 

Each evening we rubbed our faces with vase- 
line; it did not help particularly. The wounds 
burst open, however. Tobacco and warm food 
we could not endure ; it burned much too oru<dly, 
and if, unfortunately, one was forced to laugh, 
the lips at once tore open. Two of us still carry 
on our faces the clear traces of the bad usage 
which we suffered. 

I am endeavoring in fairness and as simply 
as possible and without exaggeration to narrate, 
and yet I have now doubtless conjured up a 
picture of four tortured men who dragged them- 
selves forward over the high glacier full of 
bitter thoughts on all the suffering which they 
must endure. 

Yet it was not so. Neither the wounds in the 
face nor the wet and frozen furs were anything 
other than the hardships in which one can easily 

• The fur boots worn in Greenland. 
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find himaelf. No I far more were we foar silent 
men who thoughtfullj and quietlj went forward 
over the inland-ice. An almost complete lack 
of anything^ happening makee for silence. The 
track of a fox on which we stumbled almost in 
the middle of Greenland, furnished us material 
for conversation for three days, and searching 
reflection also over the question whether perhaps 
land might be near. A snow sparrow which fol- 
lowed us over the inland -ice was looked upon as 
belonging to our company on the journey. 
When he had been away for a few days and we 
then heard him twittering in front of the tent, 
it was something so highly interesting that we 
communicated it to each other and carefully re- 
corded it in our diary. During the march when 
our stupid little dog chased the snow sparrow, 
we put on our skis and excitedly followed this 
chase, whose possible result we were worried 
about. . . . 

As we gradually approached the west coast 
we had the wind at our backs. Wo made sail 
on the sledges, and tlie journey now went so 
easily that we no longer needed the pony (only 
on^, Grauni, remained at this time. W. H. H.). 
We tied him on behind the sledge and let him 
trot along behind. . . . 

Naturally, Grauni did not have enough to 
eat; we hoped, however, that he would go on. 
We required indeed no work from him. He was 
now our passenger and was towed behind the 
sledge. 'V^en he became tired or we were going 
too fast, wo laid him on the sledge on our sleep- 
ing bags, spread out the tent over him, and tied 
him comfortably but securely on the load. 


There he lay and had obviously a fairly good 
time while we others drew him. 

It goes without saying that in this way the 
load was heavy. We had, however, the wind at 
our backs and were going down dope so that 
the sledge often slipped along quite easily. 
Now and then Larson sat up in front upon 
Grauni as the steerer of the sledge and I behind 
as conductor, and so we sped on down the slope 
for kilometers with the speed of an express 
train, while Wegener and Vigfus who followed 
behind on skis, remained far in the rear. 

In the outer part of the marginal sone we en- 
countered the usual hardships; deep snow 
powder, sharply sngular and lumpy ice, turbu- 
lent streams of water within deeply cut 
trenches, and, further, glacier cracks. 

After all these efforts to bring Grauni 
across Koch was finally compelled to 
shoot him. As a whole the record is a 
remarkable one and reflects the very 
greatest credit upon the leader, distin- 
guished alike for courage and fortitude, 
for far-seeing perception of the funda- 
mental scientific problems involved, and, 
not least, for a kindly interest in the 
four-footed but devoted members of the 
expedition. As stated above, this terse 
account supplies the best statement 
based on personal experiences that we 
have of the essential nature of the gla- 
cial anticyclone of Greenland. 



OUR AMERICAN FORESTS, THEIR PAST, 
PRESENT AND FUTURE 

By Dr, RAYMOND J. fOOh 
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Once upon a time a weary nature- 
lover, threading his way through the 
magnificent forests of the land where 
rolls the Oregon, sat himself down to 
rest in the cooling shade of the mighty 
denizens of that woodland wonderland. 
The springy litter and the soily, sooth- 
ing aroma of the vast forest solitude 
brought instant relief to his muscles and 
joints, wearied from strenuous climbing, 
and he fell asleep. 

He dreamed that he lived in a goodly 
land, stretching from ocean to ocean, 
and among a people the most blest of 
all mankind. In that land there were 
wonderful, far-flung forests containing 
scores of different kinds of trees, each 
one fitted for a particular use by the 
citizens of his native land. But his 
people had been very unwise in the use 
of the forests that nature had nur- 
tured through the ages, and the vast 
sylvan heritage was devastated ruth- 
lessly. Three centuries of forest despo- 
liation had offended the gods who rule 
over the destinies of the woods and they 
met in the forest near our sleeping natu- 
ralist that day in tumultuous protest 
against such wanton disregard of na- 
ture's masterpieces. They were to de- 
cide what should be done in order to put 
a stop to the awful, ever-spreading deso- 
lation that had swept across the fair 
land. Vigorous and effective action must 
be taken if the land of great waters and 
of noble wild things was not to be 
plunged into dire distress for want of 
an adequate supply of wood and other 
forest products for future generations. 

The debate was loud and long, but at 
last it was decided by the great host of 


ethereal beings that from that day each 
and every tree, of whatever kind and 
wheresoever it might be in that land, 
should bear aloft a burnished golden 
crest. The crest was to proclaim to all 
mankind something of the meaning of 
trees and of foreste in the economy of 
nature and of their essential contribu- 
tions to the continued happiness and ad- 
vancement of the human race. 

At this point, pungent whiffs of resin- 
ous smoke from a nearby forest-fire 
reached the traveler and he was half 
awakened. As he turned slowly about 
he noted that every tree in that vast 
shadowy woodland, from the tiniest seed- 
ling to the greatest and oldest of the 
giants near him, bore the golden crest so 
recently bestowed with such regal pomp 
and circumstance. And as he read the 
words emblazoned there he mused upon 
a warning said to be displayed on the 
trees in a certain far-away nation that 
was once rich in the affairs that make 
for progress in human endeavor. That 
nation had deteriorated sadly and was 
now but a ghost of its former self. The 
warning which the guardian hosts had 
left with their representatives in the ma- 
terial world ran somewhat as follows : 

Ye who pass by and would raise your hand 
against me, hearken ere you harm me. 

I am the heat of your hearth on cold winter 
nightB, the friendly shade, screening you 
from the summer sun, and my fruits are 
refreshing draughts quenching your thirst 
as you journey on. 

I am the handle of your hoe, the door of your 
homestead, the wheel of your carriage that 
takes you hither and yon. 

I am the hetm that holds your house, the board 
of your table, the bed on which you lie, 
and the timber that builds your boatt 
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I am the flimej sheet upon which you trace the 
boastful record of your past, and design 
your uneertain plans for future years, the 
gossamer tissue with which you garb your 
passing beauty. 

I am the wood of your cradle, and the shell of 
your coffin. 

I am the thread of kindness and the flower of 
beauty. Ye who pass by, listen to my 
prayer, and harm me not. 

The wayfarer was now fully awakened 
and greatly refreshed. He resumed his 
journey as the lengthening shadows 
crept across the well-beaten, mossy trail. 
His thoughts were occupied with the 
dream, and with a review of certain fea- 
tures of the scientific and economic his- 
tory of our nation that are familiar to 
few Americans. 

When white men first came to Amer- 
ica, the area that has become the United 
States was endowed with superb forests, 
the equal of which has never been known 
in any part of the modern world. There 
were magnificent stands of pine and 
spruce and hemlock and maple in the 
Northeast and in the Great Lakes coun- 
try; of walnut and hickory and poplar 
and oak and chestnut on the Appalach- 
ian plateau and on the Ohio. In the 
South, the beautiful, park-like forests of 
yellow pine and swamps rich in cypress 
and gum awaited the march of civiliza- 
tion. The vast domain of the Rocky 
Mountains^ with its ruffled blanket of 
evergreens, had not been devastated by 
recurring fires, and the sylvan splendors 
of the redwoods and the Douglas fir of 
the Pacific Coast had not yet been dis- 
turbed by man's lust for gold. 

It has been estimated that the original 
forests of the United States covered 822 
million acres and that these stands con- 
tained the enormous volume of 5,200 bil- 
lion board feet of lumber.^ Some five 

1 1 am pleased to acknowledge my indebted- 
new to the following publioatione for many of 
the eBtimatee used in this article: Greeley, 
^*Timber Depletion and the Answer,’' Dept* 
Oirenlar 112, t7. S. Dept, Agr., 1020; Brown, 
'^The American Indnatry,’^ Wiley, 

1022 . 


hundred different kinds of trees have 
been described from these forests; Thus 
we may understand that the American 
people are, by inheritance, a nation of 
exceeding richness in the matter of for- 
est resources and forest influences. Na- 
ture has blest us with an unusually rich 
and varied heritage in the matter of 
direct forest products, not to mention 
specifically any of those well-known 
esthetic and intangible relations that are 
inherently the attributes of great tracts 
of woodland. 

But from earliest colonial days we 
have practiced a form of tree-butchery 
and forest-devastation that, from the 
very beginning, has threatened the sta- 
bility and the permanency of this vast 
storehouse of indispensable national 
supplies. Our treatment of our forests 
has been nothing short of disgraceful 
and shameful. 

Two thirds of the original forest area 
of 822 million acres has been lumbered, 
culled or burned. Three fifths of our 
original timber supply is gone. There 
are to-day in the United States about 
135 million acres of virgin growth for- 
ests ready for the lumberjack, and about 
113 million acres which are only poorly 
stocked with more or less inferior trees. 
Our inheritance of 6,200 billion board 
feet of timber from the forest primeval 
has been reduced to about 2,200 billion 
board feet of merchantable timber. And 
we are yet a very young nation! The 
most unsightly blot of the whole unfor- 
tunate exhibit is represented by the 
eighty million acres of land, once cov- 
ered by valuable forest, which are now 
devastated and must be classified as 
waste land. What a hideous mockery of 
American thrift! 

The whole unpleasant story of forest 
wastage in this country during the past 
three hundred years sounds much like 
the classio selection from the old reader 
on how to tell bad news* The forest was 
an ^^ever-present and a far-flung menace 
in the minds of the early settlers." It 
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was spread over the areas badly needed 
for beans and tobacco and maize. Wild 
beasts and even wilder and more danger- 
ous men lurked threateningly in its 
shadowy depths. It is perhaps not sur- 
prising that our forebears felt the 
necessity of clearing off the forest, and 
even doing it ruthlessly, when they 
regarded it as such a powerful obstacle 
and when they believed that the timber 
supply was inexhaustible. 

A few wide-awake American citizens 
(a pitifully small company) now know 
how faulty those notions were. Not 
only are the forests gone, but most of an 
important host of remarkable game and 
fur-bearing beasts have gone with it. 
The same relentless pursuit has corailed 
the last miserable herd of the buffalo 
and the carrier pigeon has been exter- 
minated. We have been told that our 
splendid accumulations of nature’s fuels 
and other minerals have been greatly 
reduced. Large cities in mining dis- 
tricts of the west, once buzzing and 
throbbing with the life of a unique 
period of our history, have been depopu- 
lated within a generation. We are 
aware, if we have looked into this matter 
at all, that our natural resources may be 
exhausted and that the end of some of 
them is already in sight. The last areas 
of our once vast stands of virgin forests 
are now being leveled at a startling 
rate. 

The sad fact is that the ‘‘average 
American citizen” has been, and is to- 
day, too busy “selling” his nation and 
its natural resources, which are the 
rightful possession of the whole body of 
citizens, to stop to ponder about an ade- 
quate supply of essential natural re- 
sources to meet the constantly increasing 
and varying demands of the generations 
of Americans who are to people our 
states in future centuries. He is likely 
to take the attitude of the early colonists 
that such resources are unlimited, so 
why should he waste any time worrying 
abemt the requirements of posterity. 


We are using up our forests at an 
astonishing rate to-day. Foresters tell 
us that the cutting and loss of merchant^ 
able timber represent a volume of fifty- 
six billion board feet each year. About 
forty billion feet of this is secured from 
the virgin forests still standing, and the 
rest comes from second-growth forests. 
Our pulpwood, acidwood and fuelwood 
demands consume fifty-five billion board 
feet per year, and the most of this wood 
comes from material too small or for 
other reasons unfit for the saw. Only 
about six billion cubic feet of wood are 
growing in our forests each year, but we 
are removing, all told, about twenty-six 
billion cubic feet of wood from these 
forests each year. Recent estimates indi- 
cate that our supply of soft-wood timber 
is being cut 8.5 times as fast as it is 
growing. Trees that are too small for 
the sawmill, upon which the future sup- 
ply of timber depends, are being used 
1.5 times as fast as they are growing. 
These are the most stupendous and start- 
ling facts that come from a study of the 
present forestry situation in the United 
States. We need go no further in our 
search for a reason why every man, 
woman and child and every organization 
of the people of our nation should be- 
come everlastingly enthusiastic for the 
early development of a forest policy that 
will insure adequate reforestation and 
the improvement of our remaining forest 
resources and their perpetuation for 
all time. 

Our annual demands upon the forest 
call for upwards of thirty-five billion 
board feet of lumber; one hundred and 
fifty million railway ties (a single tie 
contains thirty board feet of wood) ; six 
million cords of pulpwood (a third of 
which is imported) ; one hundred and 
ten million cords of fuelwood ; five hun- 
dren million fence posts; one hundred 
and seventy million cubic feet of roti^d 
mine timbers; eight million pieces of 
poles and piling ; and one hundred mil- 
lion board feet for excelsior. 
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There are many other demands for 
wood in small unit pieces that pass our 
notice, but which in the aggregate rep- 
resent a very large volume. It is said 
that we use each year nearly ninety mil- 
lion board feet of wood for matches and 
toothpicks. This volume of wood repre- 
sents the annual increment in a forest of 
eight hundred thousand acres. Recently 
we have heard much about the manu- 
facture of '' artificial silk/' ''rayon/' 
“lustron" and "celanese/' etc., as an- 
other new channel of activity which will 
consume an ever-increasing quantity of 
wood^ Already this cellulose-silk in- 
dustry has developed four different proc- 
esses of manufacture, and it has been 
estimated that the total output of these 
materials for the current year will reach 
two hundred million pounds. 

On the whole it appears that the 
annual consumption of lumber in the 
United States a short time ago was 
about three hundred board feet per 
capita, and that the total consumption 
of wood was approximately two hundred 
cubic feet per capita per annum. 

These few data clearly indicate that 
we are using enormous quantities of 
wood each year, and it would appear 
that the volume can not be reduced to 
any important degree without calling 
forth very serious reactions in the agri- 
cultural, industrial and home-building 
activities of the United States. The 
enormous, unnatural, economic tension 
of the past ten years brought our per 
capita use of wood down to the point 
where the country has suffered severely. 
AB this has resulted in the well-known 
dkortage of houses to meet the increased 
population^pressure of a decade and has 
occasioned a serious reduction in the out- 
put of many industries. With the ash 
toimding, nation-wide revival of build- 
iiyf operations during the past two or 
years, our present per capita con- 
imption of lumber may have reached 
the alarming total of four hundred board 
feett 


The above figures are amazing when 
we compare them with per capita data 
from various European nations. We 
find that our consumption of lumber 
is from 500 per cent, to more than 
1,000 per cent, greater than that for the 
more prominent countries of Europe. 
In view of this situation we sometimes 
wonder how long it will be until we too 
shall be forced to look upon lumber as 
a very expensive, imported luxury. 
And when that time comes, we wonder 
from what sources the imports will 
come. Prohibitive prices would seem 
to render large-scale importation of 
lumber economically impossible now or 
in the future. Therefore it is all the 
more imperative that the United States 
plant and grow its own great bulk of 
timber supplies. 

Our country would suffer irreparable 
stagnation and damage if we were com- 
pelled at the present time to reduce 
greatly our annual per capita use of 
wood. Nevertheless, in spite of this 
very evident situation, we hustle along, 
unthinkingly, and the ratio of use to 
production of wood becomes more and 
more disturbing to a few of our citi- 
zens who are most keenly aware of the 
serious complexity of the problems in- 
volved. 

In the face of this situation it should 
be an easy matter to shape public opin- 
ion to such a degree that the devastation 
of our forests and the wanton waste of 
forest products would be stopped at 
once. But progress in this matter is 
discouragingly slow when we think of 
the rapidity with which many such re- 
sources are being exhausted. For in- 
stance, the depletion of timber supplies 
in the United States has resulted more 
from the devastation of our forests than 
by their we. It is difiQoult to get the 
greet mass of our people vitally inter- 
ested in the one greatest factor in such 
devastation, namely, fire. Twenty-seven 
thousand forest fires have been recorded 
in a year in the United States, not at- 
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tempting to estimate the number un- 
recorded. These fires burned over eight 
to ten million acres of forest land. A 
single forest fire in 1918 destroyed 
$30,000,000 worth of timber and other 
property, and cost four hundred hu- 
man lives. There were ninety thousand 
forest fires during 1925! More than 
two thousand forest fires occurred in a 
single western state in 1925, resulting 
in a loss of nearly $900,000. These 
would be considered tremendous sums 
of money if they were to be appropri- 
ated by legislative bodies for some 
specific public purpose, say for edu- 
cation. 

The great majority of forest fires are 
caused by human agency, by you and 
me, if you please, and therefore it would 
seem that they should be easily pre- 
vented. But we don’t know, or we 
don’t care, our forests are inexhaustible ! 
A famous forester has stated that 99 
per cent, of the forest fires which occur 
in one of our great timber states are 
preventable. Lightning seems to be the 
only unpreventable cause of forest fires- 

A great forest fire is a tremendously 
spectacular affair, but most persons 
think only of the immediate damage 
done to the trees by such a fire. The 
burning down and the scarring of the 
century-old veterans of the forest are, 
of course, deplorable effects which are 
at once evident, but there are many 
other serious results of forest fires. 
Forests are often burned over more 
than once by light fires. The cumula- 
tive effect of such repeated fires is well 
known. This is made evident in re- 
duced growth-rate and in predisposing 
the trees to attacks from various insect 
and fungus pests which appear to lurk 
in the forest awaiting such opportunity. 
The destruction and the dwarfing of 
the young growth, upon which the 
future of the forest is dependent, is 
one of the most serious consequences 
of forest fires. 


The destructive and desolating effects 
of forest fires are not limited directSj 
to the trees of the forest, since in many 
cases the soil is burned and the water- 
shed occupied by the forest becomes 
greatly modified. All this may lead to 
excessive run-off, more rapid stream- 
fiow, destructive erosion and damaging 
floods in lowlands far beyond the forest- 
covered areas. Such conditions as these 
are well illustrated in a very striking de- 
gree in a number of important localities 
in western United States as well as in 
many other parts of the world. 

Fire is the most dangerous and dis- 
couraging factor in the way of successful 
reforestation in our vast areas of forest 
land which have been so ruthlessly 
stripped of their most valuable products. 
Fire-exclusion must be a cardinal prin- 
ciple of the working plan that is to be at 
all adequate in the long, laborious and 
expensive process of bringing the forests 
back to our deforested lands in all parts 
of the United States. 

Another very unfortunate and serioos 
economic feature of the forestry situa- 
tion which we have inherited from the 
past (because of the absence of a wiae 
policy of forest protection and utilixa- 
tion) is seen in the fact that the most im- 
portant stands of our most valuable tim- 
ber left are not in the right place. By 
this we mean that our remaining timber 
areas, of major importance, are on the 
rim of the nation, at great distances from 
our densely populated centers. Forest 
products flow into such centers only 
after journeys of several hundred or 
even thousands of miles and at an enor- 
mous cost for freight. 

One great eastern state is now paying 
more than $25,000,000 each year for 
freight on lumber brought in from other 
states. The same state pays upwards of 
$50,000,000 per year, apart from the 
freight, for lumber which it impoile. 
This is a sad commentary on the mueh- 
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talked-of business sagacity of Americans, 
especially when we understand that 
originally this state was extremely rich 
in forests, and that it could have main- 
tained practical independence for all 
time, in so far as a lumber and wood 
supply of great variety is concerned. 
There are many other losses to the state 
on account of the local forestry situa- 
tion, so that it has been estimated that 
this state suffers a loss of $100,000,000 
annually, mainly because it failed to 
establish a satisfactory forest policy 
years ago. 

Foresters tell us that New England 
retains less than 5 per cent, of her virgin 
forests and only about 12 per cent, of 
her original stand of timber. New York 
State, once exceedingly rich in forest re- 
sources and the leading lumber-produc- 
ing i^tate of the nation, now supplies less 
than one tenth of the demands of her cos- 
mopolitan population. Pennsylvania, 
the leading lumber-producing state in 
1860, now manufactures annually less 
lumber than is used in the Pittsburgh 
area. And so the movement of this great 
industry has gone, from the northeastern 
United States in 1850, to the great white 
pine areas of the Lake States, thence a 
little later to the famous yellow pine dis- 
trict of the southern states, where it re- 
mained about a half century. Finally it 
has hurdled the “Great Divide’' to the 
Pacific States, and there the last episode 
of the picturesque drama (or tragedy) 
of the lumber industry of the United 
States is now being enacted, in so far as 
virgin forests are concerned. This last 
episode is the mort feverish and tre- 
mendously impressive of the whole cycle. 
The entire movement has consumed a 
very brief time as compared to the span 
of life of many of those giants of the 
western forests which are now falling 
under the saw ! 

Where shall we go nextf It ’s a long, 
long way to Siberia or to South America 
or to the Philippines; besides it would 


take us many years to adjust ourselves 
to the use of the woods from those land8» 
even if we might get them. 

From that little old saw mill in Maine 
or Virginia, with a daily output of live 
thousand feet of lumber, to the modem, 
log-devouring behemoth, with a daily 
output of eight hundred thousand feet 
or more, has been a scant three centu- 
ries. The westward march of the lumber 
industry, briefly noted above, has taken 
place in three fourths of a century. 
What is three hundred years in the life 
of a forest! And what is seventy-flve 
years in the life of a tree 1 Millions now 
living will live to see the flnal exhaustion 
of our vast original inheritance of virgin 
forests. It is surely time we were all 
impressed with the necessity of giving 
our trees a chance or soon, very soon, as 
the life of the forest goes, we shall have 
completed the despoliation begun by our 
forefathers and wmng the neck of one 
of our greatest industries. This in- 
dustry now ranks third among those tre- 
mendous businesses which have been so 
important in making the United States 
of to-day great. 

In the face of the regrettable abuse of 
our forests, only a few of the features 
and consequences of which have been 
noted in the preceding paragraphs, we 
are compelled to admit that we do not as 
yet have a public or private policy which 
seems adequate to insure the recovery of 
the ground that we have lost. So far we 
have met with but little success or en- 
couragement in working out plans for 
the prevention of still further destruc- 
tion, devastation and waste. 

We are not a nation of foresters. The 
nation has not yet developed a forestry 
conscience. Forestry is scarcely a quar- 
ter-century old in this country. It will 
be many, many years before we shall 
have mastered an intimate knowledge of 
our forest trees and our forests, and the 
complex economic and social factors in- 
volved in their exploitation. But these 
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THE NEED FOR GAME FISHERY 
INVESTIGATIONS 

By Professor NATHAN FASTEN 

OREGON AGRICULTURAL COLLEGE 


The last century witnessed so many 
new discoveries of a practical character 
that there resulted a complete transfor- 
mation in our entire social organization. 
The perfection of the telephone, the tele- 
graph, the automobile, the steamship, 
the factory, the radio, and the many, 
many other useful tools of our present 
civilization have not only completely 
overthrown the old order of things, but 
they have also radically interfered with 
the balance of nature to such an alarm- 
ing degree as to bring about the rapid 
depletion or extinction of many of the 
most important inhabitants of our fields, 
forests and streams. 

The game fishes have suffered pcrliaps 
as much as any of the other useful or- 
ganisms. Factory pollution, irrigation 
dams, disease, the development of high- 
ways and a host of other similar circum- 
stances have contributed towards bring- 
ing about such a rapid decrease in these 
forms that many of our choicest species 
have been threatened with complete ex- 
termination. Man has long ago recog- 
nized this situation and in order to over- 
come it he has developed the artificial 
hatchery for the sole purpose of develop- 
ing, rearing and distributing the fish 
to the depopulated areas. 

The average persoi^ thinks that our 
game fishery problems have been com- 
pletely solved by the hatchery, but the 
thoughtful student of the question is 
n(rt quite so positiye of the results ob- 
tained. The fact is that wo have been 
hatching, rearing and distributing fish 
for a good many years and yet it is no 
exaggeration to state that we have ac- 


cumulated almost no positive knowledge 
which would warrant our making con- 
clusive assertions along any of the lines 
of game fishery practices. There are 
a great many problems connected with 
the propagation of game fishes, and some 
of them ought to be carefully investi- 
gated, in order that we might go about 
the businass of developing these valuable 
animals in a little moi'c intelligent 
manner. 

Where would agriculture, forestry, 
medicine, engineering or any of the 
other applied sciences be without the aid 
of the scientific research worker t Would 
progress be possible? And yet how dif- 
ferent it is in the field of fisheries, par- 
ticularly that branch which deals with 
the game fishes. Here there are exceed- 
ingly few scientists who are devoting 
their attention to the innumerable ques- 
tions of importance which are awaiting 
solution. A^ile in exceptional instances 
some effort has been made to secure the 
services of competent authorities, yet in 
the vast majority of cases the rearing 
and conservation of the game fishes has 
been entrusted to individuals who, al- 
though efficient as business men of af- 
fairs, nevertheless lack the adequate sci- 
entific training which would enable them 
to carry on experiirients that would yield 
results of far-reaching practical import- 
ance. Sooner or later we must come to 
realize that we can’ best conserve our re- 
sources by knowing and controlling the 
factors which insure success. Such 
knowledge can only come through pains- 
taking investigations running over a 
good many years. In an effort to stimu- 
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resf^urch along thia line, I have tabu* 
latM some of the salient problems which 
might lend themselves to analysis and 
ivoxild result in great benefit to our game 
fishery resources. 

(1) A complete survey of the game 
fishes of each state, emphasizing such 
points as distribution, native forms, in- 
troduced species and particularly the 
effects of the latter on the native types. 
This study would indicate to a state 
game commission which kinds of species 
it ought to concentrate its attention 
upon. In many stfites there exists the 
practice of bringing in foreign species of 
game fish in the hopes that they will 
adapt themselves to the new localities 
and afford a source of enjoyment to the 
sportsman. In numerous instances this 
has proven to be a costly experiment, be- 
cause the introduced forms not only 
killed off the native types but also 
proved to be a great deal less desirable 
than the latter ones. 

(2) A thorough examination of the 
present methods of hatching for the |)ur- 
poses of determining whether imptSove- 
ments were not possible. Many of the 
methods in practice have been in vogue 
a good many years without change. Are 
they good, bad or indifferent ? 

(3) The foods which are most suitable 
for young fry, particularly of trout fty. 
At present there is no adequate knowl- 
edge upon this subject. CarefuEy 
planned experiments ought to be con- 
ducted to determine what are the best 
types of foods for the growth and de- 
velopment of the young fry which are 
reared under the artificial environment 
of a hatchery. 

(4) The effects of extremes of tern* 
perature on the spawn of game fish, lu 
order to shed some light on this question, ^ 
accurate records ought to be kept on fibe; 
differences in the mortality rate # 
nqnnal fertilized eggs which are 

to undergo immediate develojmmt and;^ 
thqi^ was dda^ed 


through the agencies of cold storage or 
freezing 

(5) The best methods of transportin? 
fry over long distances. At present the 
two sjcrious difBeulties in such ttanspor- 
tati&n are (1) the rise in the tempera- 
ture of the water surrounding the young 
fish and (2) the depletion of its oxygen 
content. Can one through experim«»ta- 
tion devise suitable means of overcoming 
these difficulties f 

(6) The actual effectiveness of our 
fish-planting operations. Here ought to 
be included such points os the best age 
for planting of the fry and what per- 
centage of them actually survive and 
reach maturity. 

(7) The migrations of game fish, par- 
ticularly those of trout, .are other topics 
of great importance which ought to be 
investigated. Many sportsmen feel that 
in numerous streams which have au out- 
let to the sea, trout, eveii thon^i tiiey 
are planted in the upper head-waters, 
hundreds of miles distant from the sea, 
will sooner or later migrate down to- 
wards and ultimately enter the fudt 
water, never to return to their fotiner 
abodes. They think that this reason ac- 
counts for the scaKUty of fish in many of 
these streams. 

(8) Tim inauguration of oompWihen. 
sive Burveys of the various lakes W»d 
streams ih which troqt and other game 
fish are planted, in ordte®' to determine 
whether eonditiewt are snitahte for aue- 
oess. At i«esoBt th« planting is done in 
any body of water that looks good to the 
naked eyei. Assun^ly we <mi^t to knw 
a great deal ahout such factors -as avail- 
able food aupplyr oxygen content, tern- 
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gfropitig in the dhih and are powerless 
to do any real good. These surveys can 
be carried on simultaneously with some 
of the other problems mentioned. 

(9) The actual effects produced by 
the closing down of lakes and streams 
for long periods of time in order to give 
the depleted fish population an oppor- 
tunity to multiply and repopulate itself. 
In many instances it is certain that such 
a procedure is distinctly detrimental be- 
cause, in the first place, the fish begin to 
multiply so rapidly that there soon 
comes a period when there is not enough 
food for each of them, and this results 
in a fierce struggle for existence. Then 
again, various fteh-cating birds and mam- 
mals build their nests along the shores 
of the closed waters and these not only 
kill off many of the desirable game fish, 
but they may also act as agents in 
spreading disease amongst them. 

(10) The diseases of game fish and 
their prevalence in our streams and 
hatcheiies. Here should be included life- 
history studies of the various pSrasitic 
organisms which attack the fish. With 
emphasis on control measures. The pen- 
ning up of immense numbers of fish 
within the limited confines of a hatchery 
makes it relatively easy for disease to 
secure a foothold, and this invariahly re- 
sults in the death of a large number of 
fish. 

(11) The conditions of water, soil, 

oUi^te end the like, which are most 
conceive to. aueeessfnl hatching opera- 
tions. Such knowledge as a 

practical basfa for guidance in the estab- 


lishment of new hatcheries and would 
also be helpful in advising those citizens t 
who contemplate going into the private 
hatchery business. 

(12) The breeding of game fish, par- 
ticularly of trout, for purposes of pro- 
ducing types which would have more de- 
sirable qualities than the original parent 
stocks. 

These are some of the lines of investi- 
gation which would yield results of im- 
portance to our game fisheries. To carry 
them out it would be necessary for every 
game commission to have not only ade- 
quate laboratory facilities, but ulso a 
staff of scientifically trained investiga- 
tors along these particular lines. Every 
state is face to face with the problem of 
its declining game and fisli resources. 
The development of good roads and the 
possession of high-powered automobiles 
have had the desirable effect of bringing 
more people out into the open in search 
of the recreational opportunities af- 
forded throui^ hunting and fishing. 
But the fact which must be home in 
mind by all readers is that the successful 
business of devdoping and rearing game 
fish under artificial conditions depends 
not only on the Jmssession of snitablc 
hatching plants, but also on some knowl- 
^edge concerning the life-kistories, habits, 
adaptations anct adjustments of tjtiose 
particular organisms^ Such a fund of 
knowledge ckp only be aoquired thtdugh 
the patient and painstaking work of 
trained SeimitistS, running ovOr a perioA;; 
, of many years. 
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THE NOBEL PRIZES 


Nobel prizes were presented to five 
men of science by the King of Sweden 
on December 10. Germany maintains 
its leadership in the number of scientific 
men worthy to receive the prize, as many 
in physics and chemistry going to that 
nation this year as have to the United 
States during the twenty-five years of 
their history. 

The University of Gottingen claims the 
distinction of two of the latest prize 
winners. Professor Richard Zsigmondy, 
who has received the 1925 chemistry 
award, did important work in the de- 
velopment of the ultramicroscope which 
he utilized in determining the size of the 
minute suspended particles of colloidal 
gold. The work for which Dr. James 
Franck, now at the University of 
Gottingen, and Dr. Gustav Hertz, of 
the University of Halle, who divided 
the 1925 physics prize between them, 
are best known in scientific circles was 
performed while they were associated at 
the University of Berlin. This was the 
first proof of the validity of the quantum 
theory, which was proposed originally by 
Max Planck and has caused a revolution 
in physical science in recent years, by 
proposing that light and other forms 
of radiation are not continuous wave 
motions, as was formerly thought, but 
consist of separate bundles or quanta 
of energy. 

Franck and Hertz presented their now 
historic paper before the Berlin Phys- 
ical Society in 1912. They found that 
if an otherwise evacuated tube contained 
a small amount of the vapor of mercury, 
and that if two pieces of metal or elec- 


trodes were sealed within so that the 
atoms of the vapor could be bombarded 
by rapidly moving electrons, or particles 
of electricity, a line corresponding to a 
certain wave length of light appeared 
when the glow of the tube was analyzed 
with the spectroscope. But this only 
occurred when a definite voltage w^as ap- 
plied, which meant that unless the elec- 
trons were moving with a certain min- 
imum speed, the particular wave length 
of light was not given oflE from the glow- 
ing mercury vapor. At the time, Pro- 
fessor Fritz Haber, greatest of German 
chemists, is said to have remarked that 
“this paper will be fundamental in the 
progress of physics, ^ ’ a prediction which 
has been amply fulfilled. 

Dr. Theodor Svedberg, recipient of 
the 1926 chemistry prize, is an outstand- 
ing figure in the realm of colloid chem- 
istry. He was recently invited to come 
to the United States to attend a sym- 
posium on colloid chemistry at the Uni- 
versity of Wisconsin, and remained long 
enough to give a course of lectures to 
students at that institution. He has 
since returned to the University of 
Uppsala in Sweden. 

Professor Jean Baptiste Perrin, of the 
Sorbonne, University of Paris, and win- 
ner of the 1926 physics prize, is well 
known to scientists for work done on the 
Brownian movement, the name given to 
the rapid oscillatory motion of minute 
particles suspended in liquids. Professor 
Perrin developed ingenious methods for 
measuring this movement which showed 
that the tiny particles behave in the 
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same way scientists have assumed that more recently concerned in studies to 
molecules would act in accordance with show the eflFect of light on chemical re- 
the kinetic theory of gases. He has been actions. 

MAKING AND UNMAKING MATTER 

The greatest scientific achiei'ement of now-a-days disposed to suspect that this 


the nineteenth century, in the opinion of 
those who lived in that century, was the 
formulation of two fundamental physical 
laws of the universe, the conser\'ation of 
mass and the conservation of energy. 
According to the.se matter and energy 
were immutable in amount and neither 
could ever be created or destroyed in the 
minutest measure. 

But the twentieth is an un.settling 
century. Siich mental revolutionists as 
Einstein, Planck and Bohr have opened 
our eyes and widened our outlook. We 
can not be so cocksure about many ideas 
as were the simple-minded scientists of 
the former century. Some of the gen- 
eralizations which seemed to them abso- 
lute and universal principles of nature 
appear to the more critical eyesight of 
the present generation to be disguised 
definitions; similar, as Eddington puts 
it, to the great law to which there is no 
exception, that there arc three feet in 
every yard. 

For instance, the law of the conserva- 
tion of energy. We see a lump of burn- 
ing coal giving off energy at a great 
rate as radiant heat and light. Where 
did that energy come from ? Where was 
it when the lump was cold, if no energy 
can be created in the course of com- 
bustion? The reply of the nineteenth 
century chemist was clear and decided. 
The energy was there all the time in 
exactly the same amount, although its 
presence could not be demonstrated be- 
cause it was in the form of “potential 
energy.” Obviously this was unanswer- 
able as an argument, although not very 
enlightening as an explanation. We are 


“potential energy” was put into the coal 
by logic rather than by geology, and 
that if it exists in nature at all it is 
in the nature of the human mind. The 
tw’in laws of conservation of matter and 
energy are as useful as ever, for they 
still serve to clarify our conceptions and 
to guide our experimentation. No ex- 
periment has ever been able to detect 
the slightest flaw in them, and it may 
never be possible to devise tests so deli- 
cate as to disclose any discrepancy. Yet 
neither law is now regarded as absolute 
in itself and it seems that we shall have 
to substitute a general law which will 
include the two and allow for the trans- 
formation of matter into energy and 
vice versa, Einstein has worked out the 
formula for the equivalence of matter 
and energy, so we Can now calculate how 
much heat will be produced if a certain 
mass of matter is annihilated. This 
has been welcom.e'd by the astronomers 
who have long been hard put to it to 
devise means of keeping up the furnace 
fires of the sun.:^ long as mankind would 
like to live. . *rhey have now figured out 
by Einstein's formula that the sun, is 
losing weight through the destruction of 
its material and the emission of immate- 
rial energy at the rate of four million 
tons a second. But even though wasting 
away at this appalling rate the sun can 
hold out for ten million million years. 
This gives a welcome extension of time 
for the life of our world and permits us 
to hope that we may get our social sys- 
tem perfected before we all become 
Eskimos. 
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COLLEGE HALL 

Containing the administrative offices and offices and ciiASsaooMs or the Oollboe, the 
School of Education and the Graduate School. 


THE PHILADELPHIA MEETING OF THE AMERICAN ASSOCIATION 
AND ASSOCIATED SOCIETIES 

By Dr. Burton E. I-jvingston 
FermaThcni Secretojry of the Amerioan Association 


This year's convention of the Amer- 
ican Association for the Advancement of 
Science and a large group of scientific 
societies that meets with it will occur 
in Philadelphia, from Monday, December 
27, to Saturday, January 1, This will be 
the fifth time the association has met in 
Philadelphia. It was founded in that 
city in 1848. Twelve years have passed 
since the fourth Philadelphia meeting. 

The president for this year’s conven- 
tion is Dr. 1 j. B. Bailey, whose scientific 
work is well known to botanists and 
horticulturists. He was for many years 
dean and director of the New York State 
Collie of Agriculture at Cornell Uni- 
versity. The rapid and permanent de- 


velopment of that college was due largely 
to his broad foresight. Dr. Bailey is this 
year president also of the Botanical 
Society of America. He was president 
of the International Congress of Plant 
Sciences, held at Cornell University last 
August. He is at present engaged espe- 
cially in a special study of the palms. 
He has written much on rural economics 
and in kindred fields. 

The retiring president of the associa- 
tion is Dr. Michael I. Pupin, professor of 
electromeehanics in Columbia Univer- 
sity, known far beyond the limits of his 
scientific field, especially on account of 
his autobiography, * * Prom Immigrant to 
Inventor,” for which he received Ae 
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Pulitzer Prize. His discoveries and in- 
ventions are everywhere in use in cable 
telephones and radio apparatus. The 
retirinj? president of the association 
always gives the principal address at 
the opening session of the annual meet- 
ing, on the evening of the first day. Dr. 
Pupin’s address will be on “Fifty Years’ 
Progress in Electrical Communication,” 

The meeting at Philadel[)hia is to be 
open to all who wish to attend. Besides 
the fifteen sections of the American Asso- 
ciation, each representing one of the 
branches of science, there will be meet- 
ings of thirty-nine independent scientific 
organizations in many special fields, with 
addresses and papers bearing on almost 
every toi)ic of scientific research. Every 
evening and every afternoon there will 
be general sessions devoted to pai)erB and 
addresses of a general nature, by eminent 
men of science. Among these addresses 
will be one on “(Cambridge University,” 
with illustrations, by Professor George 
H. P. Nuttall, director of the Molteno 
Institution for Research in Parasitology, 
Cambridge University, (’ambridge, En- 
gland. Another will be on “Geographic 
Conditions of Ancient Greek Culture,” 
by Dr. J. L. Myers, general secretary 
of the British Association for the Ad- 
vancement of Science. Mr. Herbert 
Hoover will give the annual Sigma Xi 
lecture at a joint session of the Asso- 
ciation and the Society of Sigma Xi, on 
Tuesday evening, December 28, Mr. 
Hoover’s addre^as is entitled ‘^The Na- 
tion and Science.” 

A new feature of the work of the 
association in connection with the anpual 
meetings is to be inaugurated this year 
at Philadelphia; namely, an attempt to 
bring some of the atmosphere of science 
and of the malting to the youth of the 
city, by means of non-technical lecturer 
and demonstrations on science subjects. 
Four evening lectures will be given in 
one of the high-school buildings and tick- 
ets are to be issued beforehand to the 
high-school students. 


The University of Pennsylvania, the 
Franklin Institute, the American Philo- 
sophical Society and the Drexel Insti- 
tute are very generously throwing their 
rooms open for the use of the convention. 
Most of the sessions will be held in the 
buildings of the university. 

The annual science exhibition will this 
year be larger and more comprehensive 
than any earlier one. It will be hoUvSed 
in the g>"mnaaium of the University of 
Pennsylvania. Many commercial firms 
will exhibit their apparatus, products 
and books, and there will be invited ex- 
hibits from individual scientists and re- 
search laboratories. Besides the general 
exhibition, many of the societies meeting 
with the association will hold smaller 
and more restricted exhibitions, showing 
recent progress in their respective fields. 
The general exhibition will he the social 
center of the meeting. Tea will be 
served there every afternoon and there 
will be special entertainments on some 
of the evenings, including one on New 
Year’s Eve. 

Those who attend the Philadelphia 
convention will have the advantage of 
reduced railway rates, on the certificate 
plan. When purchasing tickets to 
Philadelphia, each purchaser should se- 
cure a certificate for the meeting of the 
American Association for the Advance- 
ment of Science and Associated Socie- 
ties. After validation at the meeting, 
the certificate will entitle the holder to u 
half-fare rate for the return trip. 

The general program of the meeting 
will be available on Monday, December 
27, and throughout the week, for all 
who register. Members of the associa- 
tion who do not attend the meeting may 
secure copies of the program by address- 
ing the office of the permanent secretary, 
in the Smithsonian Institution Building, 
Washington, D. C, The program will be 
a book of about 250 pages. 

The fourth annual American Associa- 
tion Prize, of one thousand dollars, will 
be awarded at Philadelphia, to the au- 
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In which many of thi sections devoted to the biological sciences will hold meetings. 


thor of a notable contribution to the ad- 
vancement of science presented at the 
meeting. The award of the annual prize 
has become an important feature of the 
meetings of the association. These prizes 
arc made possible through the generosity 
of a member who wishes his name with- 
held. 

Science Service and other organiza- 
tions for the distribution of science news 
will be represented at the Philadelphia 
convention, as well as many daily news- 
papers. Preparations have been made 
for excellent news service, and the daily 
press throughout the country will be 
well supplied with material for publica- 
tion. The newspapers will carry to their 
readers many interesting and well-writ- 
ten accounts of the many features of the 
meeting and of the scientific discoveries 
reported at the numerous sessions. 

During the week of the convention 
those in attendance will receive mail and 
telegrams addressed to them in the oare 
of the American Association, Registra- 


tion Office, Weightman Hall, the Univer- 
sity of Pennsylvania, Philadelphia, Pa. 

Preliminary announcements of the 
Philadelphia meeting and other informa- 
tion about the American Association 
have appeared in recent issues of Science, 
especially in the issue for December 3rd. 
Copies of the special issue may be se- 
cured from the office of the permanent 
secretary, who also supplies a booklet on 
the organization and work of the asso- 
ciation. All who are interested in any 
way in the advancement of knowledge 
are invited to membership. Although 
the majority of the members are of the 
United States and Canada yet the field 
of the American Association is hot 
limited to those two countries and it has 
members in all parts of the world. 


The photograph of Dr. Friedrich von 
Miiller which was reproduced in the 
December number of The Scientific 
Monthly was loaned to us by t)r. Victor 
Robinson, editor of Medical Life. 
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CARL AKELEY AND HIS WORK 

By Dr. CLYDE FISHER 

AMEHICAN MIIHKUM OF NATURAL IIISTORY 


Carl Akeley has gone, his spirit hav- 
ing passed on November 17, 1926, on the 
slopes of Mount Mikeno in the interior 
of ‘‘Brightest Africa,” the continent he 
loved best. This news brought deep sor- 
row and a sense of great loss to hosts of 
devoted friends scattered over the length 
and 'breadth of the country and to the 
far corners of the earth. Coming in the 
prime of his busy life, the end seemed 
so untimely and so tragic. But Akeley 
put more into throeseore years than 


most men do into fourscore. He remem- 
bered to live, and he did not fear the 
great adventure of death. ‘^Only those 
arc fit to live who do not fear to die; 
and none are fit to die who have shrunk 
from the joy of life and the duty of 
life,” was as truly Akeley ^s philosophy 
as it was of his great friend who wrote 
the lines. 

Born on a farm in Orleans County, 
New York, he says*. “By all the rules of 
the game I should have been a farmer, 
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CABI. E. AKELEY IN SEaiOtTB MOOD 
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but for Nome reason or other, I was 
always more interested in birds and chip- 
munks than in crops and cattle.” At 
about the age of thirteen he saw in the 
Y(nith\s Comjmnion an advertisement of 
a book on taxidermy which cost a dollar. 
Later he was able to borrow a copy from 
one of the older boys of the neighbor- 
hocxl. That lx>ok was probably a deter- 
mining factor in his life. At any rate 
he became the world’s greatest taxi- 
dermist, raising taxidermy to an art, and 
developing a method which is without 
doubt one of liis greatest contributions 
to mankind. The many other products 
of Iiis versatile brain, great though they 
are, seem to be only .supplementary or 
complementary to his great art. 

In order to enlarge his taxidermic 
book-loro, he took a few painting lessons 
from a lady in a village near his father’s 
farm, fob he conceived the idea of paint- 
ing realistic backgrounds for his mounted 
birds and animals. So far as known, 
Akcley 8 early attempts in this direction 
were the first experiments with painted 
backgrounds for taxidermic groups. 

At the age of nineteen, upon the ad- 
vice of a newly-made English friend, 
whose hobby was taxidermy, he went to 
Rochester, New York, and applied for 
work at Ward’s Natural Science Estab- 
lishment. During that period this w^as a 
famous institution for the collection and 
distribution of specimens for museums 
and for the training of museum cumtors, 
and further it was the headquarters of 
taxidermy in America. 

In his autobiographical sketch (Men- 
tor, January, 19^), Akelcy tells us that 
he hardly slept a wink the night after he 
had decided to take his friend Bruce 
advice and go to Ward’s- Rising early 
the next morning he walked three miles 
to the railway stition to catch the train 
for Bocheater, Vividly he relates how 
he traversed most of the streets of 
Rochester, his courage sinking lower and 
lower, before he finally found the great 
arch, made of the jaws of a sperm whale, 


which marked the entrance to the estab- 
lishment, and how when once on its 
threshold he was so overcome with awe 
that he had to walk a mile or so back 
and forth to screw up nerve to ring the 
professor’s bell. 

As a result of this visit Akeley was 
offered a position at the munificent sal- 
ary of three dollars and fifty cents a 
week. He found a boarding house where 
he could get a room and meals for four 
dollars a week, and on this basis he be- 
gan to learn the art of taxidermy and to 
rim through liis slender resources. 

At that time the profession which 
Akeley had clu)sen as ”the most satisfy- 
ing and stimulating to man’s soul” was 
neither scientific nor artistic as it was 
practiced at Ward’s or anywhere else in 
the world. To mount a deer skin, for 
example, was a simple process. After 
being soaked in a ‘^pickle-bath” contain- 
ing salt and alum, and then poisoned 
with arsenical soap, the skin was hung 
upside down, the bones replaced in the 
legs, and the body stuffed with straw. 
Then to make the body thinner at any 
point, it was sewed through with a long 
needle and drawn in. The results of 
such upholstery can easily be imagined, 
and, of course, they did not satisfy 
Akeley ’s dreams, even those of his boy- 
hood. Akeley made some drastic at- 
tempts, while at Ward ’s, to improve the 
crude methods of taxidermy, but "these 
for the most part were not adopted, for 
the reason tliat no one would then pay 
for better work. As Akeley says: “Mu- 
seums then were interested exclusively 
in the collection of scientific data. They 
preferred bird skins to bird groups and 
wired skeletons to mamms.1 groups, and 
cared little for exhibitions that would 
appeal to the public. Professor Ward 
had to set a price on his work that the 
museums would pay/’ 

Not being able to realisse his dream of 
mounting animals in characteristic atti- 
tudes in the proper setting of plant life 
and landscape aided by painted hack- 
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grounds, Akeley bagan to look to other 
fields. William Morton Wheeler, one of 
his associates at Ward’s, had left and 
was teaching in the high school in Mil- 
waukee. In order to help Akeley con- 
tinue his academic education, Wheeler 
offered to tutor him if he would come to 
Milwaukee. Akeley accepted this kind 
offer and got a job at the Milwaukee 
Museum to pay for food and lodging 
while he prepared for college. He says 
he almost deserted taxidermy to become 
a professor, but the work at the museum 
so engrossed his attention that he defi- 
nitely decided to make it his life work. 
He stayed eight years in Milwaukee 
working at his chosen vocation in the 
museum and in a shop of his own. 

One of the directors of the Milwaukee 
Museum had been to Lapland and had 
brought back the skin of a reindeer and 
a Lapp sledge and harness, which he was 
anxious to have shown in the museum. 
Akeley turned this material into a group 
of a Lapp driving his reindeer over the 
snow, the first habitat group he ever 
built. Later he mounted a group of 
orang-utans in lifelike poses, using soipe 
bare branches as accessories. 

The reindeer and orang-utan work en- 
couraged Akeley to suggest a series of 
the fur-bearing animals of Wisconsin. 
The first of these to- be built was the 
muskrat group, which still stands, after 
more than thirty-five years, as good 
as new* 

From Milwaukee Akeley went to the 
Field Mueeum of Natural History in 
Chicago, and it was under the auspices 
of tlie latter institution, in company 
with Professor Daniel Giraud Eliot, 
curator of sOology, that he made his first 
expedition to Africa, starting in 1896. 
In this part of the world where the age 
of mammals is hetter represented in 
species and in individuals, especially the 
Iwger kinds, Akeley was not discour- 
aged. On the contrary he was stimu- 
lated to attempt to bring Africa to 
America, not the animals alone, but the 


animals in their natural surroundings, i 
herculean task that only tremendous en- 
thusiasm would undertake. 

After returning from Somaliland with 
Dr. Eliot he worked steadily for nine 
years as chief of the department of taxi- 
dermy of the Field Museum, mounting 
the animals they had collected and at the 
same time perfecting his new method of 
taxidermy. 

To do taxidermy by the Akeley 
method, in the ideal way — and nothing 
short of the ideal ever satisfied Akeley — 
one must know the animals in their 
native haunts, must be able to collect his 
own specimens, must know animal anat- 
omy, and must be a sculptor, for the ani- 
mal must be modeled in clay. Then he 
must have enough artistic sense to make 
his groups pleasing as well as accurate. 

One of the essential features of the 
Akeley method of taxidermy is the mani- 
kin upon which the skin is mounted. 
This must be light, strong and durable. 
Akeley described it briefly as follows : 

The firut step is the eonetruction of a rough 
nrmature, umially of wood and wire, upon which 
1 make a life-size cUy model of the animal to 
be mounted. The nickeling is done almost as 
carefully ae if it were to be cast in bronze. At 
this stage I cheek the accuracy of the model by 
measurements made in the field, by photo- 
graphs, and by “trying on“ the tanned skin 
itself. The second step is to take a plaster 
mold of the clay model which can be handled 
in sections. Each section of the mold is then 
lined with glue, over which is laid a sheet of 
muslin. On top of the muslin are placed sev- 
eral layers of wire cloth and papier-mfiehd, each 
layer worked carefully into every crevice of the 
mold. A coat of shellac makes each layer im- 
pervious to moisture and the reinforced papier- 
m&ch<^ is light and durable. When the last 
coat of shellac is thoroughly dry, the whole 
thing is immersed in water, tile glue melts ^d 
the fOotions of the manikin come out of the 
mol4, ready to be iissembled a clean and per- 
fect replica of the original clay model Finally 
the skin is drawn Over the manikin, to which 
it is carefully cemented, the eyes are set and 
other “finisiiing'’ detaiUi given attention. 
Then the animal is ready to take its place 
among the fellows tkat comprise the group: ip 
a scenic letting of painted background and re- 
produced fortgirottnd.r 

^Mentor, January, X92fi. 
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Modeling the Boosevsi.t uqn ok small scale in frepaiiation for the heroic soiTLmmEy 
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HABITAT GBOUP OF LIONS 

Dawn — i’he mornino hi!N has stihk'k the peak op Mt. Kenya mepoke pjamuhnu the plains 

BELOW WITH THE l.IOHT OK BAY. 


The above dcvscription would apply to 
the mounting of a deer or a buffalo, but 
certain modificutiona are necessary in 
mounting a rhiiiM'eros or an elephant. 
It should also be stated that no group is 
prepared without first working out all 
the attitudes or poses of the aiiimais, and 
the general composition of the group, in 
a small sketoh-model carefully made. 

Besides the grot^ps of African animals 
which Akeley prepared there is a series 
of noteworthy groups of American ani- 
mals which has attracted uttention and 
commanded admiration of thousands of 
viaitors. These are the seasonal deer 
groups, made in Akeley's own shop and 


subsequently placed in the Field Mu- 
seum, There are four groups in which 
the Virginia deer is represented in each 
season of the year. Here is shown the 
story of the shedding of antlers and the 
gi’owing of new ones, the changing of 
the shprt-haired Tcddish coat of summer 
to the longer-haired gray coat of winter, 
the story of the young and their growth, 
as well as the entire eyole of the seasons 
in tlie plant lile of the acc^ftories* It 
took Abeley four years to complete these 
groups, for he had to devise, as he went 
along^ his methods of manildn construc- 
tion and of making such accessories as 
artificial snow, moss and leaves. These 
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THE GOBU.LA CAMP, tOOKING TOWARD MT. MIKENO 

ffiUK THE AEELET EXPEDITION CAMPED IN 1922 WHEN IK PUESm OP 60RII<LAS POB THE AMERICAN MUSEUM. FOUR TEARS LATER THE SLOPES 
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four years mark the period of greatest 
development in the Akeley method, and 
hence in the art of taxidermy. 

Akeley 's second expedition to Africa 
was in 1905, when he collected the ele- 
phants for ‘‘The Fighting Bulls, now 
the dominant and impressive group in 
the Stanley Field IlalJ of the Field Mu- 
seum of Natural History. 

In 1909 Akeley made his third expedi- 
tion to Africa, and this time for the 
American Museum of Natural History. 
Among other things he collected the ani- 
mals for the statuesque group of African 
elephants for the proposed African Hall 
of the American Museum. After return- 
ing home from this trip, he mounted 
these elephants and they have been tem- 
porarily installed in what was formerly 
Akeley ’s “elephant studio. “ They now 
stand where they were mounted, await- 
ing the consummation of Akeley ’s dream, 
the construction of African Hall which 
Akeley proposed to build as a monument 
to his great friend, our naturalist presi- 
dent, Theodore Roosevelt. In fact the 
cow elephant of the group was collected 
by Roosevelt and the calf by Kermit 
Roosevelt, when they wei^ hunting with 
Akeley. 

It was on this expedition to the slopes 
of Mount Kenya and to Uganda that 
Akeley formulated in detail his dream 
of African Hall. On the main floor, the 
dominant group will be the great ele- 
phant group which Akeley usually called 
“The Alarm. “ There will also be a 
family group of black rhino and a simi- 
lar group of the rare square-lipped or 
white rhino, and flanking these, the tliree 
large bronzes of the Nandi lion-spear- 
men. These will endure indefinitely 
without the prot^tion of glass eases. 
All have been finished and are ready to 
be installed in African Hall as soon as 
it has been built. Except for the bronze 
figures “there will be nothing in the 
central ball to detract irdm the ^majesty 
of the elephants and the lumbering bulk 
of these rhinos/’ 


Around this central hall there will be 
forty wonderful modem habitat groups 
of animals, twenty of which will ^ 
viewed from the main floor and twenty 
from the balcony. The four at the cor- 
ners will be much larger than the rest 
and each will comprise several species of 
animals. In all these groups the animals 
will be shown in their natural surround- 
ings, with backgrounds painted by 
trained artists from sketches made in the 
field. An indoor field-trip through this 
hall when completed will be the next 
thing to touring completely the African 
wilds. As the great game animals are 
now decreasing, the blue-buck, the 
quagga and others having become com- 
pletely extinct, it will soon be impossible 
to see as much in Africa even by the 
most thoroughgoing search. The his- 
toric value of African Hall will increase 
as the years pass. 

Just above each of the twenty habitat 
groups on the main floor is to be placed 
a bas-relief in bronze representing the 
relation between an African tribe and 
the animal life with which it comes in 
contact For example, one panel will 
show a Dorobo family and their hut and 
their hunting dogs. The man is skin- 
ning an antelope. The members of this 
tribe depend entirely upon the beasts 
they kill for food and clothing. This 
frieze of bas-reliefs in bronze and such 
sculptures as the Nandi lion-spearmen 
bring out the relation between human 
life and animal life. 

The habitat group of lions has already 
been finished and is ready to be movofi 
over into African Hall when that is 
ready. Several other animals have been 
mounted and are reedy to be installed 
with the proper aocessories— for ex- 
ample, the gorillas. 

By a one-sided skirmish with an old 
bull elephant^ Akeley was compelled to 
postpone his study of the gorillas) which 
he had planned a$ a part bl his third 
expedition. In this encounter Akelesr 
was left crushed and unconscious, and 
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OBOUP or OOMIXAS COLLECTED AND MOUNTED BY CABL AKELEY 


THB BPJfiCtMENfi ARE TEMPORARILY PLACED, IiATER THEY ARK TO BIS TNBTAJ^IiED IK THKIR NATURAL 
SURROUNDINOS WITH PAKOUAMlC BACKOROU ND. XT IB PROBABLE THAT AltKLEY’B LAST WORK WAS 
OOLLBOTlWa THE ACOESHORtKfi FOB THIS HABITAT GROUP. THE OABliDGRAM STATES THAT DEATH 
CAME ON THE SIAi)ll»E OF MT* MiKENO, AND n WAS THERE FOUR VEABS AGO THAT HE SHOT HIS 

BIGGEST GORILLA. 
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A HEBD OP IMP ALA AT THE WATER'S EDGE 

MANY SPECIES OP AETTELOPE IN AFRICA^ THE IMPALA IS AMONG THE MOST BEAUTIFUL AND GRACEFUL. THIS PHOTOGRAPH SUGGESTED TO 
AS BTECTITE TREATMENT OP THE PAR BANK OP THE BIVEB WHICH WILL BE SAtESENTB) IK THE WATER GROUP FOR AFRICAN Halt.. 
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several months were required for his 
recovery. It was not until his fourth 
expedition to Africa in 1921-1922, that 
he entered the Kivu country, the home 
of the gforilla. At this time he made 
the first motion pictures ever taken of 
wild gorillas in their natural surround- 
ings. By his studies he showed that this 
man-like ape is hardly wild, that it is not 
at all the ferocious beast that it was 
formerly reputed to be. The gorillas 
already prepared for the African Hall 
are the only ones ever mounted by a man 
who has seen them free in their native 
haunts. 

On his fifth and last expedition to 
Africa, on which he embarked Jan- 
uary 30, 1926, he was joined by Mr. 
George Eastman and Mr. Daniel E. 
Pomeroy, whose generosity had made the 
trip possible. It was planned to collect 
the 'material for five of the large groups 
of African HalL Akeley was probably 
collecting accessories for the gorilla 
group as the last bit of work he did in 
Africa, for he pa.s8ed away, according 
to the cablegram, on the sloi>es of Mount 
Mikeno in the heart of the gorilla coun- 
try. His intrepid and courageous wife, 
Mary Jobe Akeley, herself an alpinist 
of international reputation, has remained 
in Africa to supervise the completion of 
his work. 

The foregoing brief account outlines 
Akeley ’s accomplishment as an explorer, 
as a hunter-naturalist and as a taxi- 
dermist. As has been indicated, to be a 
taxidermist by the Akeley method, one 
must be a sculptor, and Akeley has told 
in small bronaes several dramatic stories 
of African life, besides the three large 
broaxes illustrating the Nandi lion-speax- 
men. These smaller bronzes will supple- 
ment the habitat groups of African 
Hall, Of th^ie hronass my favorite and 
the favorite hf many of his friends is 
"‘The Wounded Comrade.*' In this a 
bull elephant, having been wounded by 
a hunter’s gun, is being helped from the 
field of danger by two strong comrades. 


Akeley was an unusual combination 
of the practical person and the artist 
with imagination, and these two phases 
of his nature always functioned together. 
However, several times in his life his 
inventive genius has sprung to the fore 
and he has produced some noteworthy 
machine. It is possible that we over- 
emphasize the practical side of the in- 
ventor. Is it not probable that an in- 
ventor is always an artist y 

While he was a member of the staff 
of the Field Museum, that institution 
w^as housed in one of the buildings of 
the Columbian Exposition. During this 
time there developed a need for repairs 
to the stucco, and Akeley invented the 
cement gun to do the work. This is a 
modification of a comi^ressed air spray 
which he devised for manikin making. 
By means of the cement gun, liquid 
cement is sprayed on in concrete con- 
struction. In this way a better quality 
of concrete is secured than in any other 
way, to say nothing of the convenience 
in certain cases. The Akeley cement 
gun was used in the construction of the 
Panama Canal, in lining trenches on 
both sides in the Great War, and for 
numerous other purposes throughout the 
world. In recognition of this invention, 
Akeley received the Scott Gold Medal of 
the Franklin Institute. 

The Akeley camera came as a result 
of the inventor’s disappointment upon 
finding that the conventional motion 
picture camera was too slow to be used 
in the field, especi^y in photographing 
such episodes as lion-spearing, which will 
not wait. From the tripod up, Akeley 
produoed a camera far better adapted 
to the ne^ of the field naturalist than 
any in existence. His inventive genius 
may be appreciated when we realise that 
the Akeley camera is a distinct improve- 
ment on all other standard cameras in 
more than a dozen ways. It will suffice 
to mention two or three. It can be set 
up for action more quickly than any 
other. This was one of the main objects 
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THE AKELEY CEMENT GUN 
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AKELEY CAMEKA IN ARCTIC LAPIANB 
In 1924 TJIK WUlTEIt USED THTM CAMEKA IN MAKING A FDOTOGRAPHTC RECOIU) OF THE SUMMERTIME 
ACTIVITIES OF THE LAPPS. THIS IS REMINISCENT OF THE FIRST HABITAT GROUP AKELEY EVER. 
MADE, THAT OF THE LAPLANDER DIUV1NG HIS REINDEER OVER THE BNOVF, A GROUP PltEPARED AiSOUT 
THIRTY-FIVE YEARS AGO FOR THE MILWAUKEE MUSEUM. THE AKELKY CAMERA HAS BEEN USED 
IN MAKING MANY OUTSTANDING OUTlK)OR PICTURES — AMONG THOSE ARE * * NaNOOK OF THE NorTH * * 

AND ' ' Moana, ' ^ BY Eomkrt L. Flaherty ; ‘ ‘ The Truk North, ^ ^ by Captain Jack Bobertson ; 

THOSE OF WiLUAM BeKBE EXPEDITIONS; THE BIRD PICTURES BY BENGT BERG, THE SWEDISH 

photo-naturalist; and the African pictures by Martin Johnson, 

cktermined upon by the inventor, after the only one to get a complete picture of 

his disappointment in trying to photo- the last race run by Man-o’War. The 

graph lion-spearing in Africa with Akeley camera is not a studio camera, 

standard type of camera. It has the It was not planned for that purpose. It 

most efficient shutter, thereby enabling is an outdoor camera with outstanding 

one to make photographs under more advantages. 

adverse light conditions. In the even- When the World War came on, Akeley 
ing toward the close of the football game, was past the age to enlist, but ho gave 

the Akeley camera operators make good his entire time to the government in 

pictures after the other camera men have m^honical research and investigation, 

gone home. Most valuable , to the nat- especially in his contribution to concrete 

uralist photographer is the panoraming construction and in his improvement of 

device, mslriwg it possible to “pan” up- large searchlights, 

ward, downward or diagonally, thus Thirty years ago Akeley went to 
keeping the bird or animal in the field Africa tho, first and in his subse- 
no matter how erratic its moyementt^,. qitent trips he oaihb to foresee the fate 
On this account the Akeley camera was of the magnificent game animals of that 
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SCULPTURE IN TAXIDERMY 

MODHJKG THS LAKOB BULL lOR THE AMERICAN MCSEUM GROUP OF AFRICAS ELEPHANTS. THE TAXIBERMIST MUST BE A SCULPTOR. 
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“STUNO” 

Small bronze by Akei.ev kepreben tinu a younci elephant trami'ijno a poihonous snake to 

BEATH IN KETArjATlON TOR A BITE ON THE THUNK. 
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^^THE NAXPI SPEARMEN,” BY CARL AKELEY 

One SPEAR.MAN HAS THROWN AND MISSED AND NOW DRAWS HIS SW(MID TO MEET THE ONCOMING LION IN MID-AIR IF NEED BE- ThE SEfX)ND IS 
ABOtJT TO THROW TTTa SPBAB- THB THIRD SPEARMAN, WHO WEARS A LION-MANE HEADDRESS, INDICATING THAT HE HAS ON A PREVIOUS OCCASION 

KILLED A LION IN THIS MANNER, STANDS ALERT AND READY TO REPEAT THE FEAT. 
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^*THE REQUIEM 'AFTER THE LION HUNT/' BY CARL AKELEY 

This group of STATUAny, togicthbu with *'The Nandi Bpkarmkn'^ and <*The Charge/' 

WHICH IS TEMPORARILY PLACED IN WHAT WAS ONCE THE AKELEY ''ELKPHANT STUDIO/ ' WILL 
BE INSTALIiED NEAR THE ENTRANCE OF THE AFRICAN HALL. TH18 ONE SHOWS THREE NATIVE 

African (Nandi) hunters chanting a requiem over the body of a lion. 
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“THE WOUNDED COMRADE'^ 

AKELEY’S first bronze TELbS THE APPEAI.ING STORY OF A WOUNDED BULL ELEIHIANT BEING 
UEfiPED AWAY FROM THE FIEU) OF DANGER BY TWO COMRADES. 


continent. lie realized that they w'ere 
doomed to decrease and even to disap- 
pear if something drastic were not done 
to prevent. Akeley always was a con- 
servationist at heart, collecting speci- 
mens only to preserve them, but he did 
his first great work along this line when 
he secured the establishment of the first 
National Park in Central Africa, the 
Parc National Albert, in the Belgian 
Congo. This was set apart by a royal 
decree of His Majesty, the King of Bel- 
gium, on March 12, 1925. It provides 
absolute sanctuary for all the wild life 
within its confines ; however, the animal 
which interested Akeley most in his 


efforts to accomplish this work of conser- 
vation was the gorilla. 

Akeley gives much credit to His Excel- 
lency, Baron de Cartier de Marchienne, 
the Belgian Ambassador to the United 
States, and to James Qustavus Whiteley, 
the Belgian consul at Baltimore, for 
making this park possible. . We believe 
with John H. Finley that Akeley *s me- 
morial lives in this great Kivu sanctuary. 

Now Akeley *8 body lies in this beauti- 
ful spot. Surrounded by the romantic 
charm and the great natural beauty that 
he loved, no more appropriate final rest- 
ing place could be imagined. Moreover, 
it was of his own choosing. Pour years 
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ago he said to the Bradleys, who accom- 
panied him on that expedition, in speak- 
ing of his biggest gorilla, “1 einy that 
chap his funeral pyre.” Gazing at the 
fallen giant at his feet, he said, “I wish 
I could be buried here when 1 die.” 

In even a suj)erfieial review of Ake- 
ley's achievements, one is impressed with 
the unusual ability of the man. lie 
stands out as an explorer, a sculptor, a 
taxidermist, an inventor, a conservation- 
ist, but more than alJ these, to those who 
knew him best, he stands out as a man, 
a very human man, with th(! character- 
istics that we all like, namely, straight- 
forwardness, honesty, simplicity and 
genuineness. Akeley was a real man 
with a wonderful mind and a big heart. 
He loved children and he himself always 


succeeded in keeping a boy’s heart below 
a man’s head. One is reminded here of 
a quotation from Edward Simmons that 
Akeley liked : ” ‘Whom the gods love die 
3’oung’ does not mean that they die when 
they are young, but that they art* young 
when they die.” This embodies some- 
thing of Akeley ’s spirit that we like to 
remember. 

Although Akeley eould not live to see 
his dream of African Hall come true, 
fortunately lie had trained, and trained 
w'ell, other men w^ho will be able to do 
the work in accordance with his ideals, 
and these men will be inspired to a great 
w^ork as a memorial to their master. 
African Hall will be a monument to 
natural history, a thing of great beauty, 
as w'ell as accuracy — as the realization of 
Akeley ’s fondest dream should be. 



‘‘THE CHARGE/' BY GAEL AKELEY 

The first spear has misset*, and the lioness leads the oharoe while hkr mate crouches 

TO SPRING. 





LAW ENFORCEMENT* 


SHOULD THE TAX LAWS BE ENFORCED 
AND ENFORCEABLE? 

By Professor FRED R. FAIRCHILD 

YALE UNIVEKSITT, RETIRING VICE-PRESIDENT AND CHAIRMAN OF THE SECTION OF SOCIAL AND 
ECONOMIC SCIENCES, AMERK'AN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


Tajcation is the instrument by Avhose 
means we are induced to contribute the 
fund whose expenditure enables our gov- 
ernment to perform those services which 
we, through our legislative representa- 
tives, have required of it. The philoso- 
phy of taxation presumes that the legis- 
lative body shall determine, first, the 
amount of money to be raised by taxa- 
tion and, second, the machinery by 
which each shall be called upon to con- 
tribute his share in harmony with some 
general principle of equitable distribu- 
tion. Taxation is thus a matter of legal 
enactment and administration. I invite 
your present consideration of what may 
at first blush appear to be the merely 
rhetorical questions : should the tax laws 
be enforced and enforceable? 

In the old days of the absolute mon- 
archy, the laws were not made by the 
people. They were imposed upon the 
people by the will of the king. A pre- 
vailing spirit of hostility and opposition 
to law was the normal condition ; it was 
taken for granted that people generally 
would violate the laws if they could with 
impunity. Enforcement of law was 
accomplished only by the power of 
might against the will of the people. 
But in the theory of the modern demo- 
cratic government, the laws are enacted 
by the people, imposed upon themselves 
by themselves for the common good. In 

1 Papers presented in a symposium before 
Section K — Socdal and Economic Sciences— of 
the Amerioan Association for the Advancement 
of Science, Philadelphia, December 28, 1926. 


the normal case it is to be assumed that 
the great majority are in sympathy with 
the laws. The officers charged with en- 
forcement are entitled to the presump- 
tion that the people want the laws en- 
forced and will offer, not resistance, but 
oHcouragemont and cooperation. The 
whole problem of law enforcement takes 
on a different aspect from that which it 
wore under the absolute monarchy. To- 
day a law which does not have the ap- 
proval and support of the groat major- 
ity of the people is difficult or impossible 
of enforcement, simply because the old 
idea of enforcement by main strength 
against a hostile people has been aban- 
doned and the government has come to 
rely upon the good will and cooperation 
of those to whom the law applies. 

Wliat is stated thus in general terms 
applies most pertinently in the field of 
taxation. The long and painful process 
by which the people exacted from their 
rulers the right to determine the taxes 
which they sliould pay is familiar to us 
all. It is to-day an axiom of government 
that taxes may be imposed upon the 
people only by the act of their own 
legally qualified representatives. In 
very truth, the people tax themselves. 
They determine the amount that shall be 
exacted by taxation and the particular 
tax methods by which this amount shall 
be obtained. The public officials charged 
with the duty of assessing and collecting 
the taxes are entitled to the assurance 
that what they have to do has been 
approved by the people themselves, and 
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they arc entitled to presume upon the 
good will and cooperation of the public 
in carrying out this mandate. 

But let no one harbor the delusion that 
popular cooperation may take the place 
of official enforcement. The tax law will 
not enforce itself. The t^ixpaycrs can 
not be called upon to shoulder the bur- 
den of enforcement. Cooperation may 
be counted on. Actual assistance in the 
administration of the tax law may be 
asked and obtained. The taxpayer is 
called upon to furnish lists of his taxable 
property and to rendi'r accounts of his 
taxable income. Information of great 
variety and in great detail is required. 
To a very considerable extent the tax- 
payer is asked to assess the tax against 
himself. But such aid is rendered only 
on the assumption by the taxpayer that 
he is doing merely what the law requires 
of all. He admits the necessity of taxa- 
tion. He asvsumes that the tax system 
has been devised by the legislature with 
the intention to distribute the burden of 
fixation according to some reasonable 
principle of justice. He is willing to 
pay his share and even ready to aid the 
asst'.ssor in determining exactly what is 
liis share under the law. All this, how- 
ever, on the assumption that the taxing 
authorities are playing fair with him, 
that what they ask of him they also ask 
— and require — of others; in short, that 
the tax law is enforced. 

It follows that voluntary cooperation 
of the taxpayer can never be turned into 
self-enforcement of the tax law. Fail- 
ure by the duly constituted officials to 
enforce the law can not be long con- 
cealed. And just as soon as failure is 
generally known comes the end of the 
assumption upon which the taxpayer 
cooperates in enforcing the law against 
himself. During the American Revolu- 
tion, the Continental Congress had no 
authority to tax the people. Instead it 
drew up its financial plans and appor- 
tioned the cost among the several states, 
asking each to contribute its fair share. 


The states were all involved in the war 
for independence and had of course 
every reason to give financial support to 
the common cause. Yet there arose at 
once in each state the suspicion that 
other states were not doing their part, 
and each state undertook to make its own 
contribution small enough so that it 
would run no risk of paying more in pro- 
portion than its neighbors. So the sys- 
tem of requisitions upon the states broke 
down. Efficient and even-handed en- 
forcement is the price any government 
must pay for the g(X)d will and coopera- 
tion of the citizens in the administration 
of its laws. 

It is here tliat our tax system has 
failed. Every American is subject to 
the general property tax of his state. 
There are forty-eight states and forty- 
eight separate lax laws, but their funda- 
mental features are still much alike. It 
is required that each person s name be 
entered in a list and that opposite his 
name be a description and valuation of 
all his taxable property. Assessors are 
provided by law, charged with the duty 
of preparing these tax lists. The cate- 
gory of taxable property includes, in 
most states, not only real estate, but such 
forms of tangible personal property as 
household furniture, books and libraries, 
musical instruments, jewelry and in- 
tangible property such as notes, bonds, 
credits and book accounts, money on 
hand, deposits in bank.s and sometimes 
shares of corporation stock. To aid the 
assessor in the obviously difficult task of 
discovering and valuing all these classes 
of property in the possession of each 
owner, the law calls upon the taxpayer 
for cooperation, to the extent generally 
of rendering at least a list and descrip- 
tion of all his taxable property. But the 
law never contemplates self-assessment. 
The official tax list is the work of the 
assessor. Nothing that is required of the 
taxpayer relieves the assessor of the 
duty to discover and value all taxable 
property of every owner. 
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known. Taxpayers have ceased to re- 
spect those parts of the law whose en- 
forcement is left to their own voluntary 
action. If no attempt is made to obtain 
the listing of household furniture, each 
taxpayer reasons that if others pay no 
taxes on such property, why should he? 
I have frequently heard some exception- 
ally conscientious taxpayer remark rue- 
fully: ''According to the town tax rec- 
ords I am the only person in my block 
who owns any taxable furniture, musical 
instruments, or jewelry,’* or "according 
to the tax records I appear to be the 
richest man in my district, though every- 
one knows there are a dozen men who 
could buy me out without turning a 
hair." Only the extremely quixotic will 
long permit himself to remain in this 
position. 

Not so long ago I had occasion to test 
the assessment of jewelry and watches 
in the city of New Haven by an inspec- 
tion of the records of the probate court. 
In the inventories of seventy-one estates 
examined the total value of jewelry and 
watches was $123,042. The late owners 
of this property in their last tax lists 
had reported as the value of this prop- 
erty (in excess of the legal exemption of 
$25) just $3,900. Of the seventy-one 
owners, thirty-two had filed no tax list 
whatever; of the rest, twenty-eight had 
listed nothing under this head; eleven 
had listed something less than the true 
value; while three had made a correct 
return. Of these three paragons of civic 
virtue, two were women and one was an 
insane man. The following plaintive 
wail from a not too ancient report of the 
Kentucky Tax Commission paints a fair 
picture of the situation in many states. 

There are a few good assesBorg in the Stat»— 
we Bay a * * few ’ ’ for the lack of a general term 
that expresBes a lesBer number. 

The impreBBion seemB to be gaining ground 
throughout tbe State thafc we have a ** single 
tax” system, and that personal property is ex- 
empt from taxation, and, inaBmuch as real 
estate is compelled to bear the burden, it is 
the privilege of the owner and the duty of the 


olheialB to connive to list all property at a very 
low figure. In the matter of personal prop- 
erty no witness testified that the assessor 
claimed to have assessed it fully, or that the 
owners had intended to give it in at its worth. 
In substance, they contend that it is not given 
in anywhere, and excuse themselves on the 
ground that it is a matter of perjury or pov- 
erty, and exercise their right of choice. 

The result is that after the number of lists 
that the assessor arbitrarily increases is added 
to the number that the County Board of Super- 
visors raise, there remains about 95 per cent, of 
the people in the State who fix the sum them- 
selves upon which they are willing to pay taxes, 
and it is a safe assertion that 99 per cent, of 
that 95 per cent, are not inclined to pay a great 
amount. 

In the absence of real enforcement of 
the law, other devices aimed to make the 
taxpayers toe the mark are futile. The 
taxpayer is required to take oath to his 
return. Result: "taxpayers oaths" be- 
comes a bye-word. Heavy penalties are 
imposed for failure to list property. The 
penalties are as unenforced as the law it- 
self. In short, that support and coopera- 
tion which might be counted on in behalf 
of a law well enforced is lost. The gen- 
eral property tax has become a notorious 
farce. 

I have dwelt at some length upon the 
general property tax, the chief source of 
revenue of our states and their local sub- 
divisions. The corresponding place in 
the revenue system of the federal govern- 
ment is occupied by the income tax. The 
situation here is distinctly better. Yet, 
after all, the difference is one of degree 
only. The high hopes with which we 
greeted this new taxing device some 
dozen years ago have been by now con- 
siderably dimmed. And the chief cause 
has been, I believe, the reliance upon self- 
assessment with inadequate checking. 
The returns of the largest taxpayers re- 
ceive more or less careful examination, 
though generally so long after the time 
of filing as to lose much of their effective- 
ness. As to the returns of the more 
numerous class of small taxpayers, there 
is little beyond the checking necessary to 
determine whether the several items on 
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tibe return are in proper form and con- 
fiiitent among themselves. To a very con- 
siderable degree the taxpayers are left to 
determine^ each for himself, urhat the 
amount of his tax should be, and there 
is increasing popular suspicion as to the 
aeeuracy and honesty of the returns. 
There is danger that the income tax may 
go the way of the property tax. 

To place responsibility for this situa- 
tion upon the taxpayers is idle. Harp- 
ing on the deficiencies of * * dishonest tax- 
payers ’ * gets us nowhere. Is a man ‘ ‘ dis- 
hoBiest” because he does not do, to his 
own hurt, what it is the business of the 
ofBeers of his government to dot What 
should the honest taxpayer dot Take, 
for example, the case of bonds and simi- 
lar investments. There is, let us assume, 
xio serious attempt, or at any rate no suc- 
cessful attempt, by the assessors of his 
town to discover and assess such prop- 
erty. Owing to the escape of so much 
taxable property and the prevailing un- 
dervaluation of that which does not 
eseape, the tax base is narrowed and, in 
order that the necessary revenue be 
raised, the tax rate must be correspond- 
ingly high. Bates of two per cent., 
three, four, five per cent, or even higher 
are common enough. Must the honest 
taxpayer list at its full value (he can 
scarcely enter it at any other value) a 
$1,000 four per cent, bond, when his 
local property tax rate is five per cent., 
and pay $50 a year in taxes on a bond 
from which he derives an income of $40 
a year? Even if his town imposes the 
vmy moderate rate of two per cent., his 
tax would equal half the income from 
tha property. Certainly this result is 
not in harmony with the spirit of the 
tax law. 

Shall the honest taxpayer declare at 
ita full value all his taxable household 
furniture, clothing, jewelry and other 
pecBonal effects, when he knows that the 
great bulk of all such property of other 
is untaxed t Must he insist on 
thf assessment of his real estate at its 
fl&Gi value, when he knows that others 


put theirs in at half or a third or a quar- 
ter of its value t Is he a ‘^perjurer*' 
because he and all the other taxpayers 
in his state take oath each year to tax 
lists which in ninety-nine cases out of a 
hundred are false Y Is he a crook be- 
cause he does what every one else does, 
what the taxing officials permit or even 
encourage, and what he must do or be 
outrageously punished for his pains 1 As 
Edmund Burke said of the American 
colonists, you can not indict a whole 
people. You can not say the whole 
American public is dishonest, save only 
those few quixotic souls who, by obey- 
ing the letter of the tax law, do violence 
to its spirit. 

No more can we lay the blame on the 
assessors and other taxing officials. As- 
sessment of the property tax requires, 
first, the discovery of all taxable prop- 
erty and, second, the valuation of such 
property. No especial difficulty is in- 
volved in the discovery of real estate 
and the more bulky and visible forms of 
tangible personal property, such as ma- 
chinery, farm animals, etc. Other forms 
of tangible personalty, such as house- 
hold furniture, books, musical instru- 
ments, etc., present serious difficulties. 
Nothing short of a house-to-house search 
would suffice, and such procedure is most 
unwelcome to the taxpayer and naturally 
repugnant to the assessor. In the case 
of the more valuable forms, such as jew- 
elry, the most thorough search would 
often fail to discover the taxable prop- 
erty. If regular house-to-house sear^ 
were the rule, as it is not, much of the 
most valuable personal property could 
be readily concealed or spirited away 
over tax day. When we come to in- 
tangible personal properly, concealment 
is so easy that anjrthing like general dis- 
covery, except with the aid of the tax- 
payer himself, is quite out of the ques- 
tion. 

If discovery of taxable property is a 
difficult matter, the process of valuation 
is infinitely more so. Our state tax laws 
pretty generally agree, I believe, upon 
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the meaning of value for tax purposes. 
They have in view the actual market 
value — ^what the property would sell for 
— and are thus in agreement with the 
concept of value as set up in the science 
of economics. Now, except at the very 
moment of sale, the determination of 
what a piece of property would sell for 
— that is, its value — is a matter of judg- 
ment or appraisal. Tax assessment is 
nothing other than the discovery and ap- 
praisal of taxable property. 

Now appraisals, in business and prac- 
tical affairs, are common enough, and 
every one must have some notion of the 
process and the conditions requisite to 
accurate appraisal. It will be recognized 
that appraisal is the work of experts and 
specialists, that the man capable of a 
trustworthy appraisal of rural real es- 
tate might cut a sorry figure if called 
upon to appraise the machinery and 
equipment of a watch factory or the in- 
ventory of a dry goods store. It will be 
recognized that real appraisal involves 
time and expense and will generally re- 
quire the assistance of the owner of the 
property. This is what appraisal means 
to the business man, the banker, the in- 
surance company, the investor. And I 
submit that nothing less will sufiBce for 
such assessment as will carry out the 
spirit of the general property tax and 
lead to a just apportionment of the tax 
burden. 

But when we turn our attention to the 
actual facts of assessment, in the typical 
town, what do we find ? An assessor or 
a board of appraisers, probably none of 
them expert appraisers, and even if so, 
necessarily expert in only a few lines, 
paid at a rate utterly inadequate to 
command expert knowledge or experi- 
ence, with virtually no resources for em- 
ployment of the necessary accounting, 
engineering and clerical assistance, and 
required by law to assess all the taxable 
property in the town in a period of a few 
weeks or months. The property which 
they must assess may include agricul- 


tural lands and buildings and city lots 
and residences, factories of every pos- 
sible variety, with their machinery, 
equipment, raw materials, goods in proc- 
ess and finished products, stores with in- 
ventories of merchandise of infinite 
variety and complexity, corporation 
stocks, bonds, mortgages, book credits, 
patents, ^*good will,'^ etc., household fur- 
niture, works of art, libraries, jewelry, 
musical instruments, and so on indefi- 
nitely. 

Now there are cities which have splen- 
didly organized boards of assessors, well 
paid, permanently employed, and with 
expert knowledge of values of real estate 
and possibly a few classes of personal 
property. But this represents the moat 
favorable situation and applies only to 
the few exceptional cities. In the ordi- 
nary town, the assessing board is quite 
incompetent to perform anything ap- 
proaching a real assessment of even a few 
of the classes of property under their 
jurisdiction, to say nothing of the whide 
list of taxable property. 

Let me emphasize that this conoluaion 
implies no disparagement of the great 
body of American assessors. They are 
generally men of ability and honesty, 
and they take their work seriously and 
do the best they can. The point is that 
the law imposes upon these men a tad: 
which is utterly impossible of aoeom^ 
plishment under the conditions. It ia 
high time that the American public rec- 
ognized this situation and prepared to 
face its necessary implications. 

My time is limited, and I shall not try 
to develop at equal length the corre- 
sponding situations in the federal tax 
system. That the condition is similar 
will appear from the briefest glance at 
the operation of the income tax. The 
mere reading of the full text of this law 
would be enough to cause the ordinary 
citizen to entertain doubts of his own 
sanity. The officials charged with its ad- 
ministration have shown remarkable skill 
in constructing the forms framing 
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the iiuatruetions for guidmoe of the tax- 
payer. Yet few taxpayers having: in- 
comes even moderately complex are able 
to make out their own returns without 
the aid of lawyers, tax experts and ac- 
countants. Students of the problem are 
becoming increasingly alarmed at the 
situation which has been created by the 
almost unbelievable complexities of the 
income tax law. I feel quite safe in as- 
serting that the task of a real enforce- 
ment of the federal income tax in its 
present form — an enforcement which 
would command the respect of the tax- 
paying public and enable each taxpayer, 
when making out his own return, to as- 
sume with confidence that all other tax- 
payers were being required to render 
accurate returns — is beyond the powers 
of the present administrative staff or any 
other administrative machine which 
could possibly be set up. 

And this again is said in no spirit of 
disparagement of the income tax per- 
sonnel in the ofSce of the commissioner 
of internal revenue. It is simply the 
statement of the inevitable conclusion 
that here again the law has placed upon 
the taxing officers a task impossible of 
accomplishment. 

In thus laying before you my conclu- 
sion that the two principal taxes imposed 
respectively by our federal and our state 
and local governments are in their pres- 
ent form incapable of a real enforcement, 
I do not wish to be understood as imply- 
ing that there is no such thing as an 
enforceable tax or even that all parts of 
our present tax system are unenforce- 
able. Consider, for example, a method 
which has been devised by several of the 
states for the taxation of the public util- 
ity corporations. Having experienced 
^e difficulties and uncertainties inherent 
in those methods of taxation which re- 
quired an annual assessment either of 
the property or of the securities of these 
corporations, certain states determined 


to substitute a tax upon gross earnings. 
At once the whole situation was changed. 
The gross earnings of a Public utility 
corporation are a simple imitter of fact, 
shown without ambiguity in the books of 
the corporation (assuming, as is gener- 
ally the case, that the books are kept in 
accordance with a prescribed system of 
accounts). No duty of self-assessment is 
imposed upon the taxpayer corporation, 
only the obligation to report from its ac- 
counts certain facts, including those re- 
quired for any interstate apportionment 
which may be required. The taxing offi- 
cials can readily check the accuracy of 
the report. Given the tax base, thus 
readily determined, the calculation of the 
tax is a simple problem of arithmetic; 
taxpayer and tax official will arrive at 
the same result. There may be features 
of the gross earnings tax which invite 
difference of opinion, but at any rate 
this tax furnishes an example of simplic- 
ity, certainty, smooth operation and real 
enforcement in startling contrast with 
the property tax and the income tax. 

Thus I arrive at the answers to the 
questions which stand as the head of my 
essay. The tax laws should be enforced. 
Any other situation is intolerable. But 
the reason the tax laws are not enforced 
is that they are not enforceable. Let no 
one think that enforcement is to be ob- 
tained by giving greater powers or 
higher pay to the taxing officers, or by 
increasing the severity of the penalties 
for tax evasion or by starting a popular 
hue and cry against “dishonest taxpay- 
ers. “ In only one direction is the rem- 
edy to be sought. The tax laws must be 
made enforceable. How this is to be ac- 
complished is another question, one 
which may well enlist the utmost sldll of 
the tax students and experts and the 
patient constructive thought of the tax- 
paying public. But this question must 
bo deferred to another occasion. It is 
not part of the title of my present essay. 
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A SECOND vice-presidential address 
may seem a little rough on the audience. 
One of the references to the program of 
this meeting, however, contains a saving 
clause which protects the audience. 
The statement refers quite properly to 
the words of Professor Fairchild and 
myself as ‘ ‘ Introductory Remarks, * ' 
implying that upon the conclusion of 
our remarks the real program will begin. 
This clause protects the audience and 
permits me to limit my remarks to those 
which are strictly introductory in char- 
acter and which are directed at least as 
much to those who should support re- 
search as to this audience. 

It may seem that a discussion of the 
importance of research in this general 
field may be somewhat foreign to the 
discussion in a program devoted to the 
subject of ‘‘Law Enforcement.'^ But 
there is always a place in the discussion 
of any scientific problem for a reempha- 
sis on the research base upon which the 
whole edifice must be built. For reasons 
which I shall elaborate this is particu- 
larly true in the fields of the economic 
and social sciences, where the factors in 
any problem are so numerous and so 
varied and where the practical judg- 
ments which must be made day by day 
in a democracy seem almost to place a 
premium upon superficial decision 
rather than complete study of all the 
elements. The very interest of society 
in the problems we are studying robs us 
of that leisure and opportunity for un- 
interrupted scholarly deliberation which 
encouraged if it was not directly respon- 
sible for much of the finest of the work 
of the older workers in the physical sci- 


ences. Refutation tends to follow more 
closely upon the quick publication of a 
little useful knowledge than it does upon 
the patient, obscure analysis and weigh- 
ing of all the elements in any probleoL 
Our energies tend to be pulled in the 
direction of speech-making and text- 
book writing rather than research. 

We need to recognize a new “Malthu- 
sian” law in the field of economic and 
social problems. Whereas the “law” of 
Malthus posited that population tended 
to increase in a geometrical ratio and 
the means of subsistence only in an 
arithmetical ratio, this law would recog- 
nize that whereas our problems in the 
economic and social fields are increasing 
in a geometrical ratio, man’s means of 
understanding and meeting them are in- 
creasing only in an arithmetical ratio. 

It is a stressing of the obvious to dwell 
upon the rapidity with which our prob- 
lems in the fields of the social seienoes 
are increasing in number and in com- 
plexity. But the importance of the sit- 
uation requires that we be willing to 
repeat things that should be familiar to 
all. We need and society needs to see 
our task in more fundamental terms 
than we have yet succeeded in doing. 

Last March, David Houston, formerly 
secretary of the treasury and now presi- 
dent of the Bell Telephone Securities 
Corporation, gave a very remaifatble ad- 
dress at Stanford University on the occa- 
sion of the opening of their new gradu- 
ate school of business. It was on addrese 
filled with statistical material to 0U8- 
trate the revolutionary change that had 
come over industrial and social America 
in the last fifty years. To repeat only a 
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few of the evidences of transformation 
in the scale of things and in the manner 
of doing things can not give an adequate 
impression of the completeness or funda- 
mentalnesa of the revolution which has 
taken place within the lives of the older 
men in this room. But consider only a 
few of the more obvious of the changes 
that have taken place in the last- fifty 
years and which constitute the inade- 
quately appreciated revolution that has 
pccurred in the size and nature of our 
business development and social life and 
problems in that period. If we take 
these few items merely as illustrations 
of that which is universally true we may 
perhaps imagine the speed with which 
the tasks to which scientists in this field 
address themselves have been growing : 

Nino billion dollnra a year on automobiles — 
enough to extinguish the national debt in less 
than two years; 

Fifty znillion telephone conversations a day; 

Seven hundred million dollars a year on 
movles—as much as was spent for the federal 
government’s prewar expenses; 

Four hundred millions on radio. 

In the words of Secretary Houston : 

In 1776 we declared our independence of a 
political power; it begins to look as if In 1876 
we declared our independence of nature, or 
rather, as if we declared our determination to 
control nature and to make her serve in a 
higher and higher degree our purposes. 

In 1876, when the oldest of us here 
were still young, exports were worth 
$600,000,000; they are now worth in 
rough figures $5,000,000,000. The num- 
ber of our savings banks deposits then 
totalled 2,000,000; now they total 45,- 
000,000 with deposits of $23,000,000,000. 
Then 900,000 insurance* policies; now 
90,000,000 with a total of $70,000,000,- 
000, fifteen billions more than the pre- 
war wealth of France. Then we spent 
$83,000,000 on education ; now we spend 
more on education than all the rest of 
the world— or a total of $2,000,000,000.* 

* In these figures allowance must be made 
fur olumges in the value of the dollar. 


These are illustrations only of the 
changes in the scale of things. This 
fifty-year period which brought more 
changes in business ana social life than 
did the thousand years preceding is 
quite as much a change in the method of 
working and in the way of life as it is 
in the scale of business activities. 

This revolution truly is breeding 
problems, economic and social, at a geo- 
metrical ratio. It is a good guess that 
the next fifty years will show at least a 
similar increase. 

This revolution, bom of physics and 
chemistry and engineering, has created 
the need, in fact, the dire necessity, for 
research in the field of economic and 
social problems. So rapidly have we 
built a business and social structure, a 
social and economic life, that we can 
only partly understand its problems. 
Whereas in 1876, casual study was suf- 
ficient to meet most of our needs, a prob- 
lem then simple now becomes a major 
problem. 

Consider, for example, the simplicity 
of the problem of locating a manufactur- 
ing plant in 1876 and then contrast that 
with the problem of locating even a 
small branch plant to-day. It is a prob- 
lem which will concern the management 
for months at a time and entail an end- 
less chain of figures. The important 
thing is that our economic and social 
facts and problems are to-day far be- 
yond the range of casual study. 

Science and its applications have so 
rapidly drawn the world together that 
we not only don’t know what to believe, 
but our whole economic and social struc- 
ture is subject to a series of strains such 
aa labor difficulties, ups and downs of 
the business cycle, unemployment and 
neurotic diseases. The point that I 
would emphasize is that if we are to live 
successfully in this new environment, if 
stability not only of individuals, but 
also of all industry, is to be maintained, 
we must not base our -judgment of eco- 
nomic business and social problems on 
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casual opinion, but on a systematic col- 
lection and study of the facts. 

We apply this method to-day pretty 
well to physics and chemistry and engi- 
neering, but we are only on the verge of 
applying it in the field of economic and 
social problems. We don't ask, '"What 
are the facts and what do they prove t ' 
but instead we are governed in politics, 
in business and in economics by hunch, 
by gullibility, by propaganda, by catch- 
words and slogans, instead of by facts. 

We are passingly well equipped to 
meet and to study our problems in the 
older fields of physics and chemistry and 
engineering, but the most vital need of 
our time is for properly constituted re- 
search agencies that wiU, day after day, 
week in and week out, and year in and 
year out, bring together and study and 
analyze the facts concerning our busi- 
ness, economic and social problema Only 
BO can we deal with facts rather than 
with fancies. The same method that has 
proved to be good business in the field 
of the physical sciences is not only 
equally applicable, but it is more ap- 
plicable to the fields of economic and 
social life because there sentiment, 
prejudice and confidence that ^‘one 
knows it all" is particularly likely to 
obtain. 

In other words, we are like a country 
that has at great expense and great 
effort built up a technique of shipbuild- 
ing and has turned out marvelous ships, 
but has given almost no attention to the 
study of the laws of navigation. Re- 
search in the fields of economics and 
business is designed to bring more facts 
to the attention of the society which has 
to guide that ship or that business. Most 
of our emphasis has been in the direction 
of research in the development of a tech- 
nique of shipbuilding, which is impor- 
tant and essential, but it needs to be 
matched by the other form of research 
if our industrial society is to endure. 

The great French chemist, Berthelot, 
liked to think that a fitting motto for his 
beloved science was “savoir c'est pou- 


voir" — ^"to know in order to do." To 
the successes of chemical science we owe 
many of our "creature comforts." Yet 
in spite of the unbelievable contributions 
of science to our physical world, it has 
done little to adapt us as individuals to 
the new conditions with which we are 
surrounded. Science has built us an in- 
dustrial machine, without studying how 
we are to run it ; science has built us an 
industrial house without teaching us 
how to live in it. Within the limits 
where industry determines or affects the 
destinies of "us humans" there is imme- 
diate need for thorough-going research 
into the factors that affect the relations 
of individuals to our industrial and so- 
cial environment. Such study is necee- 
sary to use adequately the material 
blessings which our natural resources 
and our knowledge of physics and chem- 
istry have showered on us; indeed, it 
seems essential if we are to control our 
new material creations for human wel- 
fare, and not its "illfare." 

I would emphasize just one more fact, 
and that is that more and more there is 
evidence appearing, especially in the 
field of social and economic research, 
that we are past the day when we can 
expect any very important results in at- 
tacking such problems by lone workers. 
The day of the old professor who goes 
into his laboratory with a test tube and 
half a dozen text-books is passing, and 
the possibility of his bringing out any 
very important contribution will not be 
considered very great in the future. 

Secretary Hoover has summarized this 
situation by saying, "The day is past 
when we can expect any very consequen- 
tial discovery or invention by the genius 
working alone in the garret." 

An organized department is required 
because the problems exceed the points 
of view, the resources and perhaps the 
life of single individuals. Consequently 
we are finding in business establish- 
ments, as well as in universities, the 
setting up of organized research depart- 
ments. 
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The success of our eudeayors in the 
field of economic and social research will 
answer the question whether the neces- 
sary economic and human adjustments 
may be made to an industrialized society, 
whether there exists a foundation for 
the gloomy pessimism that says, ^'Not 
only is there a Malthusian law of popu- 
lation ; there is an even more portentous 
Malthusian law of economic and social 
problems/' 

Do I need to state the relation of all 
this to law-making and law enforce- 
ment f What should a sound law be but 
a legally enforceable generalization of 


conduct or procedure which finds a san<v 
tion in science and which does not pro- 
ceed too far for the public opinion of the 
timet What are our difficulties of en- 
forcement but one evidence that we have 
had too much faith in cracker box phi- 
losophy and too little in scientific study 
of problems? If we view them funda- 
mentally, do the difficulties in law mak- 
ing and law enforcement mean an 3 rthing 
more than the use of the Conestoga 
wagon and the practice of blood letting 
did a century ago — ^an inadequate scien- 
tific basis for attack upon our problems t 


LAW ENFORCEMENT THROUGH SELF- 
RESTRAINT 

By Dr. HASTINGS H. HART 

RUSSELL SAGE POUNDATION 


Much is said these days about law en- 
forcement. The public press is filled 
with discussions of crime, law-breaking 
and contempt for law, prevalent not 
only among the open law breakers, the 
recognized enemies of society, but also 
among those who are ordinarily classed 
as law-abiding people. 

Much is said also about crime waves. 
The press and the pulpit, the bar and 
the bench, unite in denunciation of the 
criminal classes and demand more rigor- 
ous treatment of the criminal and more 
faithful enforcement of the law. But 
what is a criminal, and what do we mean 
by law enforcement? A criminal is de- 
fined by the Standard dictionary as “A 
man who has committed an offense pun- 
ishable by law"; and law enforcement, 
if it means anything, ought to mean 
holding violators of the law responsible 
for their acts and inflicting upon them 
the penalty provided by the statutes. 

There is general condemnation for 
those who violate the laws against bur- 
glary, highway robbery, embezzlement, 
pocket picking, rape and murder ; but a 


wide-spreading indifference to violators 
of the revenue laws, the Volstead Act 
and laws regulating gambling and traffic 
upon the highways. 

It is difficult for the thoughtful stu- 
dent to recognize clearly the distinction 
which is wide-spread in the public mind 
between the acts committed by the "pro- 
fessional criminal" and those of the 
‘ ‘ law-abiding citizen. ’ ' The professional 
criminal is artful in finding excuses for 
his unsocial course. He says: "I never 
had a chance; I was persecuted by the 
police; I was subjected to the tortures 
of the Third Degree; I got a raw deal 
from the district attorney; when I was 
a first offender 1 was forced into associa- 
tion with older criminals in jails who in- 
structed me in crime and blackmailed me 
after 1 got out." One of the Younger 
Brothers, notorious bandits, who served 
twenty-five years in the Minnesota State 
Prison, said : "After the Civil War, when 
we were only boys, we were made out- 
laws and driven into the bush* They 
would not allow us live as decent citi- 
zens." A prisoner in the Eastern Peni- 
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tentiary of PemiBylvania explained his 
presence there as follows: ‘‘You see it 
was about a horse. I took the horse with 
the understanding that if I liked him I 
was to buy him, but I didn't like him: 
so I sold him." 

The reputable citizen who violates 
laws which are disagreeable to him makes 
similar excuses. The reckless speeder 
who inflicts wanton injury upon a foot 
passenger or upon the occupant of an- 
other car, says: “I had to make a train; 
I was late for dinner; my wife wanted 
to use the car; I love to ride fast.” The 
woman of fashion who violates the cus- 
toms law says : ” I had to have those dia- 
monds and I just couldn't afford to pay 
the duty; it was only a little piece of 
lace, it got overlaid in the tray of my 
trunk, and I forgot all about it.” The 
violator of the gambling law says : 
“Everybody does it; what’s the harm in 
a little bet on a horse race f ' ' or, “ It was 
only a five-cent ante, a game among gen- 
tlemen.” The violator of the Volstead 
Act says : ‘ ‘ These sumptuary laws are a 
violation of personal freedom. It is the 
duty of every good citizen to enter pro- 
test against them. Anyhow, that boot- 
legger held me up for three prices. I 
hope they will catch him and give him 
what he deserves.” 

We are in danger of laying too much 
stress upon the idea of enforcement and 
too little upon the idea of self-restraint. 
Force and fear are not the best govern- 
mental agencies for preserving good or- 
der in society — least of all in a demo- 
cratic society ; they should come last and 
not first. It should always be borne in 
mind that excessive severity tends to pro- 
mote lawlessness, not to repress it. 
Harshness breeds resistance and undue 
severity may promote violence. 

This principle was illustrated more 
than one hundred years ago when thiev- 
ing was punished by hanging in En- 
gland ; but pickpockets were active 
among the crowds that were watching the 
execution of men or boys who had been 


convicted of stealing. It is being illus- 
trated at the present time. Under the 
Baumes Act the judges of the New York 
courts are imposing sentences of thirty or 
forty years or life sentences for offenses 
which two years ago would have called 
for sentences of perhaps five, ten or at 
most twenty years. At the same time it 
is understood that the opportunity for 
parole before expiration of the sentence 
will be greatly restricted if not with- 
drawn. 

Without debating the question of the 
ill desert of criminals who have been con- 
victed of repeated offenses, it is already 
apparent that the imposition of these 
drastic sentences, together with the with- 
drawal of hope of earning a release on 
parole has a tendency to produce a feel- 
ing of reckless desperation which leads 
to the violent efforts to escape which we 
have recently witnessed in different parts 
of the country. Force and fear as mea- 
sures for preserving order and protec- 
tion of society have positive limitations, 
even in prisons. 

The present prevalent idea that our 
prisons are being made pleasure resorts 
whose inmates are happier than their less 
fortunate neighbors outside is for the 
most part a plausible fiction. Isolated 
instances occur which may be open to 
the charge of pampering prisoners, such 
as the long-standing practice of allowing 
inmates of jails to carry considerable 
sums of money and to spend them for 
extra food and other luxuries, but these 
cases are exceptional. 

The practice of providing outdoor 
recreation or indoor entertainments once 
a month or once a week is properly de- 
fended by experienced prison wardens 
who recognize that wholesome recreation 
is an essential part of normal human life 
and that it is much better to allow a 
prisoner to watch a ball game or listen 
to a concert once a week than to have 
him sit brooding in his cell night after 
night to cultivate a grouch and a spirit 
of bitterness against society. 
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The warden of the Sin^ Sing Prison 
has been severely criticized because mov- 
ing pictures are exhibited in the prison 
several times a week at that institution. 
But the public does not understand that 
they are permitted not for the sake of 
furnishing amusement to the prisoner or 
because the warden considers their fre- 
quent use desirable but because he is 
compelled to keep a large part of his 
prisoners in horrible insanitary cells 
built a hundred years ago. These cells 
are three and a half feet wide, seven feet 
long and seven feet high. They are 
dark, ill-ventilated and unwholesome. 
They breed tuberculosis, rheumatism and 
pneumonia. Moving pictures are main- 
tained in order to minimize the time 
which the prisoners must spend in these 
dreadful cells. 

Rest assured that all prisoners suffer 
severely ; the chief element of their suf- 
fering is the deprivation of their liberty 
and the necessity of absolute submission 
of their wills to the will of the prison 
warden. When the hope of liberty be- 
comes remote the prisoner is likely to 
adopt desperate measures in order to ob- 
tain it. 

Wise and experienced prison wardens 
learned long ago that the best prison dis- 
cipline is that in which such a morale is 
established that the great majority of 
the prisoners are led to join cheerfully 
with the prison officers in maintaining 
order and in preserving the same spirit 
of industry, cooperation and good will 
which is essential to normal social life in 
the community at large. 

It is unfortunately true that there is a 
certain portion of the community which 
can not be kept in ordor without the use 
of force and fear ; and for this compara- 
tively small contingent restrictive mea- 
sures must be used, and while in progres- 
sive states like Great Britain and our 
own state of Massachusetts the propor- 
tion of such individuals has been greatly 
reduced, it is probable that '^e shall be 
compelled to maintain prisons and other 


restrictive agencies for generations yet 
to come. 

We are recognizing, however, that the 
real purpose of criminal courts and pris- 
ons is not to get revenge upon those who 
have offended against the law but to pro- 
tect society ; and also that the protective 
power of forcible agencies, like prisons, is 
necessarily limited. Only a minor por- 
tion of the criminals of the community 
actually go to prison and their stay is 
comparatively brief. Sooner or later the 
great body of them return to the com- 
munity and the real protection of society 
must come not from the severity of their 
treatment but from such a discipline as 
will tend to make them decent members 
of society, not because they are terror- 
ized but because they have learned to be 
good citizens. 

The Power or Self-Restraint 

Many people believe strongly in the 
deterrent effect upon the community at 
large exercised by the practice of sever- 
ity against the criminal. They believe 
that long sentences, increased hardships 
in prisons, the degradation and humilia- 
tion of convicted criminals all tend both 
to prevent a repetition of offenses and to 
prevent other people from becoming 
criminals. 

Doubtless there is some truth in the 
doctrine of deterrence. The reckless 
speeder slows down when the traffic cop 
comes in sight, and the crowd of respect- 
able citizens who throng the court room 
to listen to the trial of some notorious 
offender have a thrill of apprehension 
when the judge pronounces a sentence of 
solemn condemnation upon the convicted 
criminal. Ten thousand readers of the 
daily newspapers are reminded to some 
degree of the fact that the way of the 
transgressor is hard. But these lessons 
do not sink very deep nor do they greatly 
affect the minds of those reckless youths 
who are already taking lessons in crimi- 
nal practice and who have become in- 
durated by the idea that after all only a 
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fraetion of the offenders agrainst the law 
are brought to justice; and in the minds 
of thousands of them the idea prevails 
of taking a chance. 

RESPBCfT FOB Law 

Much emphasis is laid upon the small 
amount of crime reported in Great Brit- 
ain and in Canada in comparison ^vith 
that which is found in the United States. 
In visiting those countries one is im- 
pressed with the fact that there prevails 
a much greater respect for law than is 
found in this country. The English 
"bobby,” armed only with his baton, 
commands more respect and more ready 
obedienee than the American police offi- 
cer who is known to carry an automatic 
pistol. Violators of the law are probably 
held in greater reprobation than with us, 
and the decisions even of the lower 
courts carry with them a greater weight 
of authority and public significance than 
those of the American courts. 

One hot day, walking on an offshoot from the 
old royal road that leads from Marly -le-Boi to 
Versailles, I saw some big ripe plums fallen 
from the trees and lying in the road. I picked 
up two or three of them — they were delicious! 
But chancing to speak of it, in the evening to a 
French friend, he was horrified. ‘'Frenchmen 
would not dare!" he said. “Then it is not 
proper? “ I asked, wondering. “Not in 
France 1 Had you not been an American there 
might have been trouble. “ “ Though I picked 
up not more than three plums, and they were 
not in a field, but lying in the grass in the 
very road? In America a pedestrian would do 
that on a country road without hesitation.” I 
felt rather proud of America by contrast with 
this closeness of France, and perhaps I showed 
that I did, when he retorted with a smile: “But 
the matter of boundary — is it also in America 
that a chicken is safe only if it is not in the 
road?” and I had to laugh with him.s 

May W€ not believe that this different 
attitude of respect for law is due in part 
to the training of the youth, in these 
European countries, from childhood, to 
give heed to authority and to hold the 
law in reverence? 

a From “Unvisited Places of Old Europe,” 
p. 106, by Bobert Shaokleton, 1925. 


It is possible to cultivate a habit of 
mind which holds in honor the author- 
ity of parents, teachers and public offi- 
cers ; or on the other hand to cultivate a 
heedless attitude in which resides con- 
tempt for authority and refusal to recog- 
nize the duty of deference to law. Is it 
not time that the American people 
should proceed deliberately to cultivate 
a different attitude and spirit among our 
people — especially young people — in this 
regard 1 

Fashion and Custom 

Have you ever considered what dy- 
namic power resides in public sentiment, 
habits and tradition to produce far- 
reaching results upon the whole com- 
munity ? 

Fashion, for example, without the 
sanction of law or the authority of courts 
and police officers, exercises a tremen- 
dous sway over the entire community. 
Members of the male sex wear garments 
that are inconvenient, uncomfortable and 
needlessly expensive, solely at the dicta- 
tion of fashion or custom. The derby 
hat, ugly, hot, destructive to the hair, 
survived for decades simply at the 
dictate of fashion, and suddenly disap- 
peared from view under the same dic- 
tation. In warm weather men wear 
uncomfortable starched collars, double- 
breasted coats and unnecessary waist- 
coats, simply because it is the fashion, 
while at the same time women are wear- 
ing clothing of one fourth the weight 
and are vastly more comfortable. Men 
wear overcoats in the coldest weather, 
varying in length from a short peajaeket 
to an ulster dangling to their heels, ac- 
cording to the dictates of fashion. 

Women submitted for generations to 
the most uncomfortable, unsanitary and 
unbecoming clothing at the dictates of 
fashion and then in a brief time dis- 
carded these unseemly garments and as- 
sumed sweaters, short skirts, low-heeled 
shoes and knickerbockers, according to 
occasion ; but they wear furs in summer 
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and thin silk stookings in winter at the 
dictate of faahion. 

Men wear straw hats in summer, but 
on the arrival of the fifteenth of Sep- 
tember, though the thermometer may be 
95 degrees in the shade, straw hats dis- 
appear and felt hats take their place, and 
when a traveler returning from Florida 
exhibits a straw hat before the fifteenth 
of May he becomes an object of curiosity 
or ridicule. 

Similar laws rule in matters of diet. 
Within the past few years there has been 
a remarkable increase in the consump- 
tion of vegetables, with a corresponding 
decrease in the consumption of meat; 
partly, it is true, from motives of econ- 
omy, but largely from the effect of edu- 
cation by doctors and dietitians. Similar 
laws operate in the field of architecture. 
There are successions of different archi- 
tectural schools. I remember when, 
about 1870, French roofs suddenly be- 
came fashionable and were applied to 
buildings of all dimensions regardless of 
their fitness for the given purpose. 
Many of these buildings are still stand- 
ing and when we see one we know it was 
probably not built before 1870 or after 
1890. Later on, the Queen Anne style 
became fashionable, and multitudes of 
ugly houses of that order were erected. 

Fashion prevails in the style of auto- 
mobiles, and ultra-fashionable people buy 
a new machine every year or two in order 
to secure the latest style. A friend of 
mine drives a very excellent and satis- 
factory machine purchased almost new 
at less than half the original price be- 
cause the owner discovered that the 
manufacturer had put out a car of prac- 
tically identical construction but with 
windows of a different style. 

People of moderate means drive a fliv- 
ver of excellent construction at moderate 
cost. Thirty-five years ago there was not 
a millionaire in America that could ride 
as comfortably, or hall as fast, as the 
ordinary citken rides in his flivver; but 
owing to the popular ridicule of cheap 
low-powered cars the farmer soon grows 


discontented at driving such an inferior 
car, and if you count the automobiles 
parked on the street of any country vil- 
lage on a Saturday afternoon you will 
find that more than half of them are of 
more costly construction than an ordi- 
nary Ford. An American visitor at 
Stockholm last year observed nine auto- 
mobiles parked together on a small pub- 
lic square. Seven of these cars were of 
American manufacture and only one was 
a Ford. 

Similar laws govern other phases of 
human life. A few years ago no Ame]> 
ican thought of traveling third class on 
a steamship unless compelled to do so by 
poverty, but to-day thousands of stu- 
dents and professional people who might 
afford more expensive accommodations 
travel third class both by steamer and 
by European railway lines. 

An illustration of the power of public 
sentiment to check violations of law is 
seen in the matter of souvenir collection. 
Not many years ago it was a common 
practice for travelers to collect articles 
of silver, table linen and other things be- 
longing to hotels and restaurants and to 
exhibit them to a room full of friends, all 
laughing and joking about the cleverness 
which the souvenir collector had exhib- 
ited. This practice was not by any 
means confined to lower classes of people, 
but existed in a very considerable mea- 
sure among those of excellent position 
in society. The practice may still con- 
tinue to a limited extent, but no one of 
any social standing would dream of 
showing such articles to his acquain- 
tances or admitting that they indulged 
in such collecting. 

Application of Thbss Principles to 
Law Enforcement 

To a limited extent custom and fash- 
ion prevail in the matter of law observ- 
ance, even where the law may occasion 
inconvenience or where it is contrary to 
one's natoal prejudices. Ready obedi- 
ence is given to htelth laws, whereby 
one’s home is subject to medical inspec- 
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tion or to quarantine. During the great 
war and to a large extent since that time 
income taxes were paid with a reason- 
able degree of fidelity and cheerfulness. 
Laws designed to preserve the purity 
and wholesomeness of foods are being 
observed with increasing willingness as 
the community becomes more educated 
with reference to the advantage of those 
laws for the preservation of the health 
of the community. Laws regulating the 
care and removal of garbage are obeyed 
with increasing fidelity. An excellent 
example of the growing power of public 
sentiment in favor of obedience to law 
is seen in the great diminution of mob 
violence, especially in the south. This 
movement has b^n promoted by the 
voluntary cooperation of leaders in the 
white and black races for the education 
of public sentiment, assisted by the 
rapid emigration of Negroes to the north 
which threatened the farming industry 
in the south. 

Duty op Public Opficers 

In order to promote obedience to law 
and to repress crime it is vitally impor- 
tant that public oiBcers who are charged 
with the duty of dealing with criminals 
should themselves faithfully and scru- 
pulously obey the law. It is a notorious 
fact that a considerable number of police 
officers, prison officers and even prose- 
cuting attorneys do not scruple to vio- 
late law both officially and unofficially. 

Take, for example, the practice which 
is known as the “third degree.” It is 
a common thing for superintendents of 
I>olice, official detectives and even ordi- 
nary policemen to subject accused per- 
sons, who may be guilty or innocent, to 
a rigid inquisition in which they are 
cross questioned, threatened and ca- 
joled. It is not uncommon for this in- 
quisition to be carried on for days at a 
time, for the prisoners to be deprived 
of sleep, and even subjected to physical 
violence. The writer made a careful in- 
quiry into this subject in 1921 by means 


of an inquiry addressed to chiefs of 
police and prosecuting attorneys. Those 
who replied to the inquiry denied with 
one accord the use of physical violence, 
but most of them admitted and excused 
the use of prolonged and bitter cross 
questioning in order to extort informa- 
tion or confession; and a considerable 
number of prosecuting attorneys de- 
fended these practices on the ground 
that they were necessary in order to se- 
cure the ends of justice. 

It is a well-recognized principle of 
law that every accused person is deemed 
to be innocent until he is proven to be 
guilty, and it is equally well recognized 
that no accused person can legally be 
compelled to testify against himself. In 
Great Britain, when an accused person 
is arrested, the police are required to 
inform him that any statements- which 
he may make are liable to be used 
against him. In most of the states of 
the Union it is provided by law that con- 
fessions obtained from accused persons 
by force, threats or promises can not be 
used as evidence against them. 

Notwithstanding these facts, multi- 
tudes of persons, innocent and guilty 
alike, are subjected to most bitter expe- 
riences, contrary to the laws of the land 
and contrary to the principles of human 
justice. Frequently such persons are 
kept incommunicado and are subjected 
to the treatment above described by irre- 
sponsible policemen and detectives. 

We are informed that in Prance pro- 
vision is made by law for the examina- 
tion of accused persons, but it is done 
by a magistrate, and the proceedings are 
regulated by statute. 

The writer has personal knowledge of 
the case in which a woman of high char- 
acter and standing, coming from a west- 
ern city for a brief stay in an eastern 
city, was accused of theft and was sub- 
jected for two days to a violent and in- 
sulting inquisition by two detectives. 
The facts of her character and standing 
could have been ascertained within two 
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hours by a telegram to the police of the 
city from which she came, but she was 
abused and humiliated to such a degree 
that it was difficult for her to talk about 
the experience thirteen years later. 

The cruel and illegal use of the third 
degree is tacitly accepted by the public 
on the same theory adopted by the prose- 
cuting attorney already mentioned, 
namely, that it is necessary in order to 
protect the community against crimi- 
nals; but the competent and efficient 
police superintendents of Columbus, 
Ohio, and Berkeley, California, testified 
that third degree methods were entirely 
unnecessary and that they obtained more 
information and more reliable informa- 
tion without those methods than with 
them. 

We believe that the time is speedily 
coming when public sentiment will no 
longer tolerate this medieval, inhuman 
and unnecessary practice. 

Wherever the representatives of law 
and order themselves fail to exemplify 
the principles of law and order they be- 
come a force for the promotion of crook- 


edness and crime rather than the promo-* 
tion of public morals and the preserva- 
tion of public safety. 

Utilization of the Power of Public 
Sentiment 

While force and fear may be recog- 
nized as necessary agents for the repres- 
sion of that small portion of the com- 
munity which is not amenable to those 
wholesome influences which restrain 
conscientious and patriotic citizens, is it 
not possible to utilize to a far greater 
degree than has heretofore been done 
those potent influences which control the 
actions of vast bodies of people in mat- 
ters of custom, fashion, health and 
morals? Let the public schools, the 
churches, the press and all the leaders 
of thought and action unite in the effort 
to promote respect for law and obedi- 
ence, not only to those statutes which 
fall in with the popular prejudices and 
desires, but also to those which call for 
self-denial and self-control, in the inter- 
ests of the public welfare. 


LAWS MEN BREAK AND WHY^ 

By the HONORABLE EDWIN M. ABBOTT 

PHILADELFHU 


Since the dawn of creation man has 
fought against inhibitions of his free- 
dom of thought and action. The asso- 
ciation of people into communities 
brought with it the necessity of legal 
restrictions, but to certain individuals 
those restrictions have always been ob- 
noxious and repugnant - 
The tendency of modem legislation 
has been more and more to curb the nat- 
ural predilections of man and has re- 
sulted in general confusion when author- 
ity has attempted to enforce such laws. 

But the general antipathy to law en- 
forcement is not oemflued to the present. 


It is only more general and more demon- 
strative. 

There are so many laws that have been 
disregarded that it is time that some- 
thing is done to ameliorate conditions. 
Man was never made good by legislation. 
He often behaves in fear of the law, and 
he sometimes obeys because of a desire 
to escape the penalty. Religion, patriot- 
ism, education and social conditions are 
more conducive to the higher morale of 
a people than all the laws of natimis 
combined. 

And it is individual selflshnese that 
has developed a most' dangerous condi- 
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tioE. While the world is more charitable 
toward the needy and suffering, it has 
become obsessed with the demand for so- 
called ‘‘personal liberty/' and as the 
wealth of this nation has been growing 
at tremendous leaps and bounds, with 
this accumulation has grown a disregard 
for law and the traditions upon which 
this nation was founded. Purists insist 
everybody must be pure. Liberals re- 
quest every one to be liberal, and re- 
formers in all walks of life endeavor to 
construct an Elysium which only the 
millennium can secure. 

In ancient days when might was 
right, we had classes of all kinds. In 
modern times wealth and political afflu- 
ence run riot through the land and we 
have again been segregated into classes. 
“Liberty" has been interpreted to mean 
“license" and “The Land of the Free" 
defined to mean, “do as you please with 
regard to others." The Golden Rule is 
gradually becoming emaciated. There- 
fore, men have determined that the laws 
of to-day which are obnoxious shall be 
disregarded and that most laws are made 
for the other fellow, anyway. Circum- 
stances that control us under ordinary 
conditions are often forgotten and sub- 
merged in the desire for liberty, and so 
we face a general disregard of law par- 
ticipated in by individuals, collective 
groups and in many instances by states 
or communities. 

Let us therefore consider certain laws 
which men will not respect and obey. 
The automobile laws restrict speeding, 
parking, lighting and rules of the road. 
Pennsylvania has a maximum speed of 
thirty miles per hour, yet automobiles 
are advertised to do fifty, seventy-five or 
even one hundred miles per hour and 
the owner endeavors to demonstrate that 
his car can attain such speed. He wants 
to go as fast as he pleases, drive wher- 
ever he pleases, park where he pleases 
and use such lights as he pleases, but the 
other fellow should respect the law in all 
particulars. 


The crime of adultery might be elimi- 
nated from both sacred and profane liV 
erature. This law was never meant to 
be enforced in these modem days, and 
its usefulness is subrogated to the di- 
vorce court. It is but another restraint 
on personal liberty. And only in the 
divorce court do we have evidence that 
this crime has been committed. If you 
examine the records and read of the 
thousands of divorces that have been 
granted for this reason and then con- 
sider that rarely has a criminal prosecu- 
tion been brought based upon the same 
facts, one must wonder if such an of- 
fense is really a crime. 

In the state of New York adultery is 
the sole ground for absolute divorce. 
Yet how many inmates in the penal in- 
stitutions of that state are serving time 
for that offense t The Mann Act covers 
the same offense under federal jurisdic- 
tion, but we all know that of the thou- 
sands of such transgressors few find 
their way into our courts. The criminal 
is only the poor fool who gets caught and 
can not adjust his differences by the 
monetary scale. 

Gambling is another subject which 
touches the personal liberty of our citi- 
zens. In Pennsylvania gambling is not 
a crime. But certain kinds of gambling 
are. It is a crime to bet on an election, 
and while the penalty is not serious, 
everybody disregards this law and we 
never hear of prosecutions. The main- 
taining of gambling establishments, 
betting on horse races, being a common 
gambler and setting up lotteries or gam- 
bling devices are all contrary to law, but 
in the sweet name of charity some 
churches often recognize the innocent 
lottery and forget that every sale of a 
paddle or a chance on the sewing xna^ 
chine or cake is contrary to the law of 
the Commonwealth. 

How many of us are conscientious in 
our returns to the federal government 
for our income taxes t We are instructed 
that our winnings at poker or other card 
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games mtist be returned as a part of our 
income, and that our losses should not 
be deducted. Have you ever met a win- 
ner who makes such a return 7 Are we 
honest with Uncle Sam in our return 
upon which our contribution to the sup- 
port of the government is based? The 
commandment “Thou Shalt Not Steal'* 
and the laws founded thereon are 
equally applicable to defrauding the 
federal government or an individual. 

And that brings us to the crime of 
smuggling. It sounds like a harsh word, 
and we think of the pirates of old when 
we contemplate such a crime. But to- 
day it is a social event, as returning 
from a trip abroad with jewelry, fine 
linen and other purchases, the erstwhile 
‘ ‘ good citizen * ’ contrives to get his booty 
home without paying the duty, and 
later, in the social circle he boasts how 
it came through with his political influ- 
ence, or the tip to the Customs official. 
And this opens up the subject of brib- 
ery, which is such an extensive one that 
it reaches into many branches of trade 
and into every avenue of activity. Pub- 
lic officials seem to be the targets for 
bribery, and we should be thankful that 
most of our public servants do not suc- 
cumb to the temptation. But citizens 
who want some favor or special privi- 
lege will not hesitate to go into our leg- 
islative halls, official offices or out into 
the highway and attempt by the use of 
money to secure what they desire. Have 
we carefully considered how the modem 
lobbyist secures special legislation? 
Does he always obtain votes by moral 
suasion — or argument? 

The enforcement of the Volstead Act 
has opened many channels for the il- 
legal use of money. Disregard of the 
Eighteenth Amendment, which is a part 
of our Constitution, and as much a part 
of the Constitution as the Bill of Bights, 
has led to the commission of many other 
crimes beside that of bribery. A most 
amazing condition has resulted to the 
body politic through the honest attempt 


in this city to enforce the prohibition 
laws. Perjury struts naked through our 
halls of justice, and disregard for the 
sanctity of the oath prevails in most of 
these cases. Public officials, police offi- 
cials, magistrates, grand jurors, petit 
jurors and even some judges upon the 
bench forgot that they are all sworn to 
uphold the Constitution and laws, both 
of the nation and the commonwealth, 
before they enter upon the activities of 
their office. Witnesses in court no more 
regard the oath as binding them to teU 
the truth, but use their testimony to 
their own advantage, irrespective of its 
truth or falsity. If jurors do not like 
a law they acquit defendants who are 
charged with transgressing it. If jurists 
find the law obnoxious to them they dis- 
charge malefactors convicted of break- 
ing it. If police officials have been 
tainted with avarice and have fallen for 
a price, then memory becomes hazy and 
faulty, and so we have farce after farce 
enacted in what should be courts of 
justice. 

There are many other crimes com- 
mitted in the general disregard of law. 
The family physician, pressed to the 
limit by the exigencies of necessity, com- 
mits abortion to save the reputation of 
the daughter of the family which he has 
attended for many years. 

The election official, ambitious to 
ascend the political ladder, takes a 
chance in disregarding election-law re- 
strictions. 

The so-called “good citizen*’ salves 
his conscience with exorbitant rentals of 
his real estate and does not consider the 
moral character of his tenant or the 
illegal purpose for which it is used. 

The unthinking adult in the social 
circle or in the home disregards the 
restriction forbidding the furnishing of 
cigarettes to minors. 

Blasphemy is still a crime, but you 
meet it at every comer. 

The protection of health, sanitation, 
child-labor and factory laws to the minds 
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of many are impediments, and if one can 
forget them and evade them, well and 
good. 

The Blue Laws are still upon the 
statute books. Many of them are relics 
of colonial days. Most of them are dis- 
regarded. Where is the legislator who 
will have the temerity to introduce a re- 
pealer for one or all of these acts, which 
are never observed? 

The Narcotic Drug Act and the Pure 
Food Act are excellent pieces of legis- 
lation which many agree should be strin- 
gently enforced, and yet the drug addict 
is with us. The dispenser of such poison 
is only spasmodically run to earth. He 
even preys upon our school children and 
enters our homes and offices, increasing 
this nefarious traffic in many communi- 
ties. We should be thankful that in this 
city a concerted effort has been made by 
our judges and police which has prac- 
tically eliminated this terrible practice. 

The pure food restrictions regarding 
adulteration or misbranding are evaded 
in many instances, and detection too 
often is punished with the imposition of 
a small fine. Seldom does any one re- 
ceive a term in prison for this offense. 

I might go on ad infinitum. The legis- 
lature decides we shall not have daylight 
saving, and individuals resent such ac- 
tion and do as they please. One state 
made it a crime to advance clocks or 
watches, and such an act passed the 
Pennsylvania Legislature in 1925, but 
the governor vetoed the bill. Last sum- 
mer I passed through a state where 
changing of time-pieces constituted a 
crime and when I asked a good citizen 
if his clock was not registering contrary 
to law, his reply was, “Who pays any 
attention to such a law?” That seems 
to be the mental attitude of many citi- 
zens to-day. 

The anti-trust laws are dying of dry- 
rot, and usury prevails in many garbs. 
The bonus is the most popular way of 
circumventing the six per cent, interest 
limitation. 

Barratry and champerty are ancient 
crimes employed by the modem ambu- 


lance chaser, cooperating with certain 
lawyers and physicians. But all evade 
prosecutions for these offenses which 
they are continually committing and 
which are simply denoted unethical but 
not criminal. 

Foretelling the future is also a crime, 
but our best citizens encourage these for- 
tune-tellers and thus contribute support 
to another class of law-breakers. 

I have only enumerated what must be 
but a partial list of laws that are only 
respected in the breach. 

But, remember, for every policeman 
who accepts a bribe there must be some 
one who gives it. For every bootlegger 
who dispenses illegal beverages there 
must be citizens who purchase them. 

The so-called crime wave is run- 
ning rampant throughout the land. The 
populace is in hysteria in many sections. 
Murder, robbery, burglary, arson, rape, 
blackmail, kidnapping, larceny and kin- 
dred crimes are reported from every cor- 
ner of this great nation. 

The highwayman contends that all 
laws are alike and he will not respect 
the inhibitions against stealing. The 
foreigners in our midst do not respect 
our restrictions on his ideas developed in 
Soviet Russia or elsewhere and so he ap- 
propriates to his own use just what his 
perverted conscience demands. 

How are we going to remedy this men- 
acing and deplorable condition? The 
first thing to do is to try to reawaken the 
consciousness of all true Americans. 
When that is done we must act. 

The first place to begin is in the home. 
Parents must set the proper example be- 
fore their children. By precept and 
practice the youth of the land must be 
trained to walk in the paths of law-ob- 
servance. 

The foreigners within our bounds must 
be impressed with the fact that if they 
wish to enjoy the benefits of this great 
nation they must respect its laws, eus- 
toms and traditions. If they refuse to do 
so, they should be transported bac^ to 
the land from whence they came. Con- 
gress should broaden the laws allows 
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ns to deport all foreig^ners who become 
criminals before they have become natu- 
ralized citizens. 

Every American should take advan- 
tage of the franchise. He should regis- 
ter and vote at every election and when 
public officials of any party are recreant 
to their oaths, they should be driven 
from office by a combined and deter- 
mined electorate. 

Every law-observing American should 
serve as a juror in the courts when 
called to that high duty. He should 
take his place in the grand jury room or 
in the jury box and see that even-handed 
justice is dispensed to both the common- 
wealth and its citizens. 

When crimes are committed there 
should be prompt arrests, speedy trials 
and adequate punishments. Delays and 
red tape should be eliminated. Mercy 
should always temper justice but should 
not be abused. First offenders should be 
handled in such a way as to give them a 
chance for rehabilitation, but the recidi- 
vist, the confirmed criminal, should be 
segregated entirely from his fellows. He 
is a menace and should be safely interned. 

The subject of adequate penalties is a 
most important one. The difference in 
Pennsylvania between misdemeanors and 
felonies is incongruous and means noth- 
ing from the present condition of our 
statute law. These differences should be 
abolished and all offenses should be 
enumerated as crimes. The more serious 
offenses should have more drastic punish- 
ments. Maximum penalties prescribed 
for many crimes should be increased. 

The Ludlow Bill in Pennsylvania and 
all similar bills in other states should be 
repealed or modified and should not ap- 
ply to any criminal except first offenders. 
The extension of parole to first offenders 
at the expiration of their minimum sen- 
tence should be under strict conditions, 
but no others should be discharged from 
a penal institution until they have 
clearly demonstrated their repwtance 
and ability to return to society. 

The aystem of probation and sus- 
pended sentence should only be exercised 


on behalf of first offenders, and those 
who continually break the law, espe- 
cially in disregard of the liquor, food 
and other laws touching our social fabric, 
should not be allowed to escape with a 
fine or costs. A mandatory jail sentence 
should be written into the law for those 
who refuse time and again to obey it. 

We should remember that a sentence 
is not only a punishment for the offender, 
but should act as a deterrent to others. 
It should serve as a reminder to all of- 
fenders to reform or take the conse- 
quences. There should be a revival of 
the double penalties for second and third 
offenses. This system is practically ob- 
solete, although still a part of our statute 
law. 

When prisoners are sent to penal in- 
stitutions they should be given proper 
employment and compensation. There 
are many reasons for this. The most im- 
portant are : To keep them employed and 
thus improve the morale of the institu- 
tion ; to teach them a trade or occupation 
which they can use when discharged. 
Prom their remuneration, the state 
should be reimbursed for the costs of 
prosecution and maintenance ; depen- 
dents outside should be supported dur- 
ing the period of incarceration and a 
fund should always be accumulated to 
turn over to the prisoner at discharge 
for his use when he returns home and 
endeavors to live a law-abiding life. 
This would fortify him against tempta- 
tion until he could secure permanent em- 
ployment. 

Drastic laws forbidding the indiscrimi- 
nate sale of firearms and deadly weapons 
should be enacted and enforced. This 
is the most vital need of the present day. 

And tbo pardoning power should only 
be exercised where extreme emergencies 
require it. 

Gould we awaken our people to the 
truth and make them realize that the 
future of America depends upon the 
sanity of the present we will still be in 
time to arrest this criminal outbreak and 
preserve for our children the grand heri- 
tage given us by our fathers. 



HAS EINSTEIN KILLED TIME? 

By Professor ALFRED C. LANE 

TUFTS OOLLEGB 


There is an impression that somehow 
Einstein ^s theory has abolished time as 
a separate form of reality and made it 
identical with space. Has Einstein then 
removed time from the objective ex- 
ternal world to the world of our own 
consciousness 7 If he has it may then be 
true that the facts which come to us from 
the outside world have already been to 
a consciousness which grasps four di- 
mensions. As Tennyson’s ‘‘Princess” 
thought : 

To your question now, 

Whioh touches on the workman and his work. 
IiOt there be light and there was light : 'tie so : 
For was, and is, and will be, are but is: 

And all creation is one act at once. 

The birth of light: but we that are not all, 
As parts, can see but parts, now this, now that. 
And live, perforce, from thought to thought, 
and make 

One act a phantom of succession: Thus 
Our weakness somehow shapes the shadow. 
Time. 

This conception implies that, as Ber- 
trand Russell says, “the time order of 
events is in part dependent on the ob- 
server, ’ or indeed, as we read in Stein- 
metz’s “Relativity,” “Time and space 
have ceased to be entities and become 
mere forms of conception.”^ Note the 
word “mere.” 

But to us even so not all is present. 
To the plane of our consciousness the 
past and the future are not the same. 
But what is meant by “plane of con- 
sciousness”! 

Suppose we have a little crystal under 
a rather high-powered compound micro- 

i*^Th© A. B. C. of Relativity ' page 44. 

>Fage 12. 


scope. We will see only that which 
is in the focal plane of the microscope, 
and if there is an edge inclined to the 
microscope’s focal plane it will appear 
as a dot, which as we focus up and 
down seems to change its place. There 
is still real motion, but not of the dot; 
the motion is of the focal plane. 

In the microscope we see successive 
planes one below the other. In a moving 
picture we see successive films as the 
picture brings them one after another 
into view. In the moving picture things 
appear to move in the picture, but it is 
really the machine which is moving and 
bringing into view a series of pictures, 
in each one of which there is no motion, 
one following the other so rapidly that 
they seem but one to our senses. But 
note that in both cases there is a real 
change in time, and a real motion thou^ 
not just that which seems to take place. 
In the reel all the successive stages of the 
motion coexist. 

It is, then, perfectly possible to con- 
ceive with Einstein that all physical 
events, past, present and future, are 
equally events, but that they are not all 
in the focal plane of our consciousness. 
Thus as the apparent motion of the edge 
of the crystal is due to change in focal 
plane, so the apparent motion of a fall- 
ing body is due to our being successively 
conscious of different positions. 

One may reply that the focal plane of 
a microscope has a certain depth. It 
is not an absolute plane. Things gradu- 
ally come into focus and gradually go 
out again. The reply is that it is so with 
our own consciousness; otherwise, we 
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should not see a color as such, for a color 
depends upon the time of vibrations, 
which are long if we are measuring them 
in units of the X-ray vibration. And 
again we should not hear a sound as 
such, for a sound is due to vibrations 
which take still more time. In other 
words, the present as a physical fact has 
a certain duration. It is then clear that 
we can at least conceive of our consciou.s- 
ness as becoming acquainted with suc- 
cessive belts in a four-dimensional 
universe just as in the case of the 
microscope we become acquainted with 
successive planes of a three-dimensional 
universe. 

If, however, we analyze the difference 
between time and space, we find that 
time refers to change. This can only 
take place in time. So the minute that 
Einstein in his mathematics introduces 
the idea of change (as he does by the 
letter d), he is introducing the idea of 
time (that is, of change). On the other 
hand, space comes to us from the idea of 
coexistence. We get from what we see 
a form, and that form exists not by 
change but by coexistence. From a 
point there are various coexistent direc- 
tions, that make angles with each other. 
Those angles exist independent of the 
number of coordinates or the number of 
dimensions supposed to exist in the uni- 
verse. They exist in Einstein’s four- 
dimensional imiverse as well. There is, 
moreover, no reason in mathematics or 
philosophy why we should stop at four 
dimensions, nor why we should not have 
five, six or seven. An angle would be 
still an angle. It is the great merit of 
Einstein that he has shown that certain 
actual facts of the world can be ex- 
plained by the use of our dimensions. 
But there is no need of stopping at four. 
Another great savant a century hence 
may find facts that call for five! 

I one time amused a ooUeague by sug- 
gesting that we add a moral dimension 


and represent with Einstein the past to 
the left (P), the future to the right (P), 
with Heaven above (H') and Hell below 
(Hi), while the three dimensions of this 
present world space are supposed to be 
in front at right angles to them and 
each other. 

H' 


P 8 F 


It will perhaps strengthen our argu- 
ment and make one point clearer if we 
consider what a change in a four-dimen- 
sional universe would mean, first, if we 
suppose that it is purely objective and 
that our consciousness is aware of but a 
three-dimensional film of it at a time. 
Secondly, if we assume there is no other 
time, we will try to see what is implied. 

Einstein assumes no such change in 
his four-dimensional universe of events 
and therefore reduces all problems of 
physics and mechanics to geometric ones. 
This is a helpful device mathematically, 
but there is no more logical necessity for 
this than there is of limiting the number 
of dimensions to four. Now suppose a 
change in the four-dimensional universe. 
If time is not solely a function of our 
consciousness this would simply mean 
that another world consciousness than 
ours would find things different from 
what we had found them, or that the 
future when we are aware of it will be 
different from that which one would now 
prophesy. 

This is conceivable and believable, 
must indeed be believed by those who 
think there is a real uncertainty even in 
God ’s mind as to what we shall become. 
Einstein’s static four-dimensional uni- 
verse implies theological fore-ordination, 
if there is a God. 
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On the other hand, if we suppose there 
is no time but the Einstein fourth di- 
mension, then a change in the four- 
dimensional universe will mean that the 
future will later be different from what 
the future now is. Conceivably we could 
at least try to believe that, but could we 
also believe that the past will have been 
different from what it now is? I for one 
can not admit the possibility that, 
whereas, the Declaration of Indepen- 
dence was on July 4, 1776, some time 
later it will have been on June 17, 1775. 
Mind, the question is not what will prove 
to have been, but what it really was. I 
can but agree with Fitzgerald : 

The Moving Finger writee, and having writ 
Moves on: nor all thy Piety nor Wit, 

Shall lure it back to cancel half a Line, 

Nor all thy Tears wash out a Word of it. 

If we assume otherwise it would be 
possible to say that in the Middle Ages 


the world would have been created by 
God in six days, and now it has been 
created in as many billion years. In the 
time of Dante a man might truly be 
bound for a literal heaven, or a literal 
hell, and now there may be no such 
place. Because I can admit the possi- 
bility of believing the latter, but not of 
believing the former, there is in my mind 
a difference between the past and future, 
which does not come out in Einstein ^s 
theory. Thus whether recent observa- 
tions of Miller which affect the basis in 
facts of Einstein ^s theory are confirmed 
or not, I can admit it only as applying 
to the world of events wliich we experi- 
ence in succession, and I see no reason 
why it should clip the speculative wings 
of the mathematician or philosopher, ex- 
cept in so far as a basis in observation 
indicates a static universe and -supports 
a deterministic philosophy. 



THE NATURE OF SCIOSOPHY AND 
SCIENCE 

By Pr. DAVID STARR JORDAN 
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SoiOBOPHT is systematized ignorance. 
Its nature was indicated more than three 
hundred years ago by Oiordano Bruno, 
in Florence, who for varied heresies, for 
example, denying that anything was in 
the heavens above except space and stars, 
was soon after appropriately punished. 
‘‘Ignorance,” says Bruno, ‘‘is the most 
delightful science in the world because 
it is acquired without labor or pains and 
keeps the mind from melancholy.” 

The word sciosophy was coined by me 
in 1899 to meet a long-felt want. Scioso- 
phy in action is called magic; latent 
magic is mystery. It differs from ordi- 
nary science in its basis. It is not 
derived from tested and verified human 
experience, because life is short and hu- 
manity demands quick returns. It rec- 
ognizes no relation of cause and effect, 
for these are mere human devices. In- 
struments of precision, logic, mathemat- 
ics, the telescope, the microscope and 
the scalpel, are not needed in sciosophy. 
Its processes are instantaneous and in- 
tuitional, while all scientific testing is 
slow and laborious. It is indeed folly 
to wait for this, when tradition, memory, 
impulse, imagination are all at hand 
pointing straight to truth or at least 
indicating that one conception is as good 
as another, if not better. 

Sciosophy is of two classes: the one 
solidly based on tradition, which is our 
record of the guesses made by able men 
of the past, who labored without instru- 
ments of precision and who knew only 
what they thought they saw, and who 
tied their successors up' to it. The other, 
having its base in imagination, knows no 


bounds save in degrees of vividness. 
The first tends to identify itself with 
religion, which it envelops in a cloak of 
mystic mist, making a merit to believe 
for belief’s sake. The other type of sci- 
osophy tends to make light of religion 
and to scoff at whatever our fathers 
have deemed sacred. 

My interest in sciosophy, or more ex- 
actly in creating a word by which to 
define it, was provoked by a volume 
called, in English translation, ‘‘Pos- 
thumous Humanity, a Study of Phan- 
toms,” by Dr. Adolphe D’Assier, of the 
Academy of Sciences at Bordeaux. In 
this work are given many illustrations 
of the spontaneous activity of shadows 
and especially astral doubles. It is, in 
fact, a complete ‘‘fauna of the shades,” 
in which are included all manner of 
wraiths, ghosts, shadows and phantoms, 
some of them wolf -like; some the ordi- 
nary astral doubles, with others due to 
the powerful expulsory force of the sun. 

It is now well known that all animals 
and plants are built up of cells or cham- 
bers, each one charged with magnetic 
life jelly or protoplasm. These cells are 
never completely filled with this sub- 
stance, which is in reality a vivified net- 
work, like a skein of tangled yam. Into 
the cell with its network the odio forces 
of the universe penetrate and by their 
entanglement and permeation build up 
within a form corresponding in all re- 
spects to that of the object as a whole. 
It then becomes its double or negative, 
technically known as the “astral body,” 
being solid only when the cell is empty 
and empty when the cell is solid. 
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The greatest interest attaches to hu- 
man phantoms and especially to the 
activities of shadows, the most abundant 
creations of the shades. 

A most remarkable case is that of Herr 
Peter Schlemihl, of Kunersdorf in Ger- 
many, as related by the noted Baron 
Adelbert von Chamisso, himself a man 
of science, the discoverer of our own 
California poppy, to which he gave the 
romantic name of Eschscholtzia. 

It seems that Herr Schlemihl was 
once approached by a stranger, gray- 
bearded and dignified, in fact a Master 
of Arts. This gentleman expressed to 
Schlemihl a desire to purchase his 
shadow. A high price was named and 
promptly accepted. Thereupon the 
stranger knelt on the grass, rolled up 
the shadow, folded it neatly and thrust 
it into his knapsack, disappearing down 
the road between two hedges of roses, 
leaving Schlemihl himself absolutely 
shadowless. 

At first the poor man thought he had 
made a good bargain, but afterwards 
whispered words and doubtful glances 
warned him that he was marked as a 
shadowless man. His anxiety soon gave 
him real discomfort. He set out in 
search of the shadow, and after many 
adventures he overtook the grave and 
serious individual to whom he had 
sold it. 

But neither offers of money nor blows 
of the fist availed anything. To the 
former the stranger turned a deaf ear, 
and to the latter he used the shadow 
for protection. To struggle for it only 
served to damage the precious article 
itself. When Schlemihl died at last it 
was noticed that he left no wraith to 
rustle through the old graveyard at 
Eunersdorf. 

The baron who relates this story re- 
marks sagely that ''an event had taken 
the place of an action, as has happened 
not infrequently in the world’s history/' 
This cryptic utterance is of itself typical 


of sciosophy. If one meaning does not 
satisfy, hunt up another. In Schlemihrs 
days such events were usually ascribed 
to Satan. But sciosophy now gets along 
without him (or with him, as the case 
may be). At the most he is but a 
"fabled fancy of an older -world, the 
fluidic phantom of effete orthodoxy." 
The fact that the stranger was dressed 
in black, which by transmitted light 
looked reddish, and that his breath ex- 
haled a faint sulphurous aroma favored 
the common superstition. A highly con- 
centrated odic aura probably accounts 
for this. Most such concentrations have 
a residual odor of sulphur. 

A rather well-authenticated record of 
the separation and independent life of 
a shadow is given by Mr. H. C. Ander- 
son, of Copenhagen, a careful observer 
of occult phenomena. It appears that a 
Danish country gentleman of good fam- 
ily once lost his shadow. This did not 
worry him much until his strength be- 
gan to give way and his clothing grew 
alarmingly brittle. Still worse, while 
confined to his room, he got wind of 
strange pranks performed by his double 
who seemed trying to undo him by ridi- 
cule. At last the phantom usurped his 
master’s place at the head of the table. 
After this, in burning indignation, by a 
supreme effort of the will the gentleman 
recalled the phantom, to the endless 
mystification of the guests at the func- 
tion. After this effort, his vigor re- 
turned and his new suit ordered direct 
from Bosenstein in Copenhagen showed 
no deficiency in stamina. 

During the World War many appear- 
ances of wraiths are recorded. But in 
these disturbed conditions they might be 
confused with ordinary shadows, the 
condition of the human mind amid the 
glories and crudities of war being op- 
posed to sceptical accuracy. One inci- 
dent, however, vouched for by the high- 
est authority, comes to the front and 
demands explanation. A well-known 
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lady in Los Angeles, driving along one 
of the many suburbs of her city, noticed 
on the street comer a man of unbeliev- 
able shabbinoss. His manner matched 
his attire, and the kind lady stopped to 
inquire concerning his evil plight. Then 
there suddenly appeared on the side- 
walk an elegantly dressed lady, ** tailor- 
made’’ as the phrase is, who in agonized 
tones shouted, ‘'Don’t let him do it! 
Don’t let him do it!” 

Inquiring as to what he proposed to 
do, he said that he was penniless and 
hopeless and on his way to drown him- 
self in the sea. The lady gave him some 
good advice, and still better some good 
money. The tailor-made lady had sud- 
denly vanished. The beggar had not 
seen her at all, it appeared, but from 
the description he recognized his own 
mother, long since deceased. This inci- 
dent shows that the wraith, so long a 
matter of lyous belief, is in reality a sci- 
entific fact. 

This incident also gives the clue to the 
remarkable fact that a wraith or de- 
tached astral body wears astral or 
phantom clothing. All wraiths thus far 
recorded appear to be properly dressed, 
else indeed they would be rushed by the 
police. The facts in this case are easily 
explained by the astral substance which 
fills the cloth cells of all garments. 
Phantom men wear phantom clothes, else 
their appearance would shock even the 
adept, a large percentage of adepts being 
ladies. 

It will be remembered that in the war 
at Mona in Belgium the figure of an 
angel appeared in the heavens, seeming 
to urge the heroes in the trenches to 
“carry on.^’ Officers and men agreed 
as to this vision, and none would confess 
that they had not seen it. After the in- 
cident had passed into history, a Lon- 
don humorist boasted that he had in- 
vented the ‘‘Angel of Mona'' and showed 
documents to that effect. But the nat- 
ural soiosophie answer was if his talk 


were really true, it was the same angeU 
who inspired his story, thus giving the 
needed publicity, for there are few ade- 
quate channels of communication be- 
tween this world of confusion and the 
unchanging stars. The vision of Con- 
stantine, In hoc signo vinces, which 
changed the history of all Europe, at 
once comes to mind as the forerunner of 
the Angel of Mona. 

Referring again to the classical work 
of Dr. D’Assier, he has conclusively 
shown that even inanimate bodies have 
their doubles or phantoms as well as 
men and beasts. It is a matter of ancient 
observation that cliffs and trees show 
shadows as distinct as those of man. 
The “shadow of a rock in a weary land’' 
is classical. That shadows may be de- 
tached and yet hold a sort of life of their 
own is well authenticated. In a curious 
tale by one Barrie, of Edinburgh, a boy 
called “Sentimental Tommy” in run- 
ning once turned a comer so suddenly 
that he “dislocated his shadow.” It is 
easy to see how such an accident might 
occur, though not frequently. One R. L. 
Stevenson, also a Scotchman, tells of a 
boy who lost his shadow and of the em- 
barrassments he naturally met in con- 
sequence. 

There is no doubt, therefore, accord- 
ing to the followers of D ’Assier, that the 
shadow of a man or a tree is an objective 
reality as much as man or tree itself. 
Phantoms are driven from their original 
status by the expulsory force of the sun. 
“The huge conical shadow of the earth 
which reaches beyond the moon and is 
called night” is not merely absence of 
light. It is a stark reality and for all 
we know may help to hold the moon in 
place. Its appearance marks the hour 
of phantoms when the odic and fluidic 
forces of the earth are concentrate. It 
is natural that about midnight should be 
the clustering time of phantasms of all 
degrees, and so it is. In daytime a 
shadow is seldom seen far from its host. 
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Towards evening, however, it asserts 
itself, stretching more widely, and in 
sleep it often becomes altogether de- 
tached, to be more or less painfully re- 
called in the morning. 

According to D ' Assier, after the death 
of its host the shadow wanders freely 
and at wilL But not for long. The 
stars, arch enemies of shadows, soon 
begin to breathe and drink it up — 
''Taspirent et le boivent*^ — and in ten 
to twenty days it is reduced to primeval 
vapor. The ever-present fear of disso- 
lution often causes phantoms to become 
violently excited. In spite of their free- 
dom to move they tend to linger about 
original haunts. In a few cases they 
find a means to suck blood from living 
creatures, thus, as vampires, maintain- 
ing a precarious existence. It is asserted 
that the swift remedy for vampires is 
cremation. The testimony of peasants 
in Little Russia bears this out, and it is 
plain that once drawn into a current of 
hot air, no phantom could ever regain 
its pristine form. For this reason, burn- 
ing at the stake was preferred in the 
Middle Ages to other penalties for lack 
of conformity. To this fact the choice 
of the stake was made as the safest 
method with which to deal with Bruno, 
as with Latimer and Ridley and Servetus. 

At the best the shadow’s span of inde- 
pendence is short. This is *'a wise pro- 
vision of nature, for otherwise the earth 
would be solidly full of shadows.” 
”The accumulation of specters of the 
terrestrial fauna heaped at the surface 
of the globe since the first geological 
epochs would render the air irrespirable. 
We could not breathe a dense atmosphere 
of ghosts.” This is the conclusion of 
D’Assier, and chemical analysis of air 
in different localities seems to bear out 
his conclusions. 

Unlike materialistic science, which 
rests on mere sensory contact, sciosophy 
has a foundation of principles. 


First, matter rests on mind. On mind 
it depends for recognition which is its 
sole existence. Its alleged laws are 
mental channels only, the grooves 
through which the spirit passes. With 
your will you can cut such grooves. 
You can frame your own laws. 

The crude notion of cause and effect, 
so cramping to material science, is cast 
aside in sciosophy. Its propositions are 
proved by inversion, a simple process un- 
known to materialistic logic. Thus the 
great founder of Neminism asserts : 
‘‘There is no pain in truth, therefore 
there is no truth in pain. There is no 
nerve in mind, therefore no mind in 
nerve. There is no matter in good, there- 
fore no good in matter. ’ ’ 

The motto of this cult, *^N%hil nemmi 
nocet/^ is a fine illustration of the 
method, as in the expressive Latin the 
words can be arranged in three ways, 
always expressing the truth ; thus 
‘‘Nemini nihil nocet,” nobody hurts 
nothing, proves the original thesis ; 
nothing hurts nobody. It is rightly 
claimed that sciosophy is at once the 
complement, the opposite and the anti- 
dote to material science. 

The clean-cut quick methods of scios- 
ophy appeal to many outside the inner 
circles of the cult. To get there quickly 
is better than to wait for a generation or 
two. Wherefore some devotees of the 
most exact science have used the ” run- 
ning high jump,” a technical term for 
speculative philosophy, in matters in 
which the old system of trial and error 
seems unbearably slow. 

To advance by quick methods towards 
the infinite is one of the temptations al- 
luringly held out to exact sciences. An 
aeroplane moves more swiftly than a 
goods van, though it may carry less 
weight. And while art is long, time is 
fleeting, and to reach finality in a lif^ 
time is a great aim of sciosophy. If ex- 
ternal nature has no objective existence, 
and one thing is as true as another, this. 
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method of enlivening “foneral marches 
to the grave” is, as Bruno observed, 
most satisfying. 

A fascinating phase of sciosophy is dis- 
closed in the effort to probe the soul of 
the atom or to gauge the conscious feel- 
ing of a chopped tree. If an atom has 
existence, it must have a soul around 
which experiences cluster. If it has no 
existence, all the more need of a soul. If 
the universe is alive, and whatever is 
alive has feeling, why not atoms, crystals 
and grains of sand, as well as frogs and 
men! Marvelous are the achievements 
of the “Sym thesis of Life,” not a labora- 
tory job, of course, but a task for the 
adept who creates life through juggling 
words, thus producing “a reasoned syn- 
thesis of the fabrication of protoplasm, ’ ’ 
even if he never sees protoplasm itself. 

Sciosophy, as history tells us, was the 
basis of the wisdom of the Middle Ages. 
The divine right of the church, that of 
the king, and in later times the divine 
right of the state rested solidly upon it. 
Its basis can not be too solid, for without 
mystic privilege or divine intervention 
the modem state would be deprived of 
its most extensively practiced right, that 
of taking the lives and property of its 
own people in order to destroy the lives 
and property of other people across its 
borders. If you take the doctrine of 
science that the state is a combination or 
giant corporation for mutual benefit, in 
which each individual in some degree 
should be a gainer, the state has no more 
divinity than the wheelbarrow. Each 
alike would be a device for mutual help 
or general convenience. Under this 
view the time-honored formulae — the 
king can do no wrong, the, church can do 
no wrong, the state can do no wrong — 
would dwindle into insignificance. 
“Hundred per cent, patriotism” and 
“My country, right or wrong” would 
lose their sacred meaning. The tested 
i^esults of human experience, which are 
the baris of the grim philosdphy of 


democracy, all tend towards the rule of 
the unfavorable mob. 

In the early days of European civiliza- 
tion, it was the custom to follow a battle 
with a feast, in which the wise old men 
of the victors should eat the brains of 
the wise old men among their opponents, 
and the strong young men would corre- 
spondingly eat hearts of the strong 
whom they had bravely slain. It was a 
fact unquestioned that eating brains 
promotes wisdom, as eating hearts is 
known to strengthen courage. In fact, 
it was freely stated that but for the 
necessity of this bracing up of the wise 
and strong, there would be no purpose at 
all in going to war. But sciosophy 
remedies all this by going back to first 
principles. There is of course no other 
reason ever for going to war except that 
offered by divine sciosophy. 

The patriotism peculiar to sciosophy 
is thus stated by Anatole France: 

We shall always be victorious; patriotism 
makes it a crime to doubt. To take up arms 
is to the nation's spiritual Interest; even war 
never enriches more than a certain few. It is 
enough to best the drum, wave the flag and 
the enthusiastic crowd rushes on to esraags 
and death. 

In political economy, sciosophy still 
rules the world. It requires neither tele- 
scope nor microtome to ensure its pri- 
macy. As a nation we have been pros- 
perous, and this according to sciosophy 
is due to the tariff. We have taxed our- 
selves rich. This we may prove best by 
inversion. To use war as the means to 
settle disputes is perhaps the greatest 
triumph of sciosophy. War leads to 
peace, for when nations are thoroughly 
exhausted it takes years to fatten them 
up. Therefore war-making is the surest 
means to bring about peace. This truth 
is proved by inversion, as peace is the 
surest road to war. 

The most useful weapon devised for 
war is forged by sciosophy. It is “im- 
personal hate,” the hatred of strangers. 
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Its truth is again proved by inversion. 
Let us assume that we call our military 
opponents Huns. There is no Hun in 
good, therefore no good in Huns. 

It is said that the thirteenth was the 
greatest of all the centuries. In this en- 
chanted period, learned men knew every- 
thing, or at least all that was worth 
knowing, for the world they lived in was 
a sink of iniquity soon to be destroyed 
and only by the blasphemous and im- 
pious, ranged with the pure planets and 
the eternal stai’s. 

It was left for modem times to con- 
fuse their wisdom, to drag the purity of 
celestial conceptions into terrestrial mud. 
Not content with supplanting the divine 
power of direct action by Newton’s law 
of gravitation (an effort to crowd the 
Creator out of His universe), they have 
set aside the ‘'fall of man” by the thesis 
of his “ascent from the brute.” The 
protest against this additional disturb- 
ance of predigested opinions was finely 
voiced some years ago by a group of 
sciosophists in South Carolina. 

“Resolved, that Man was created by 
an instantaneous process without pre- 
vious animal parentage.” Quite re- 
cently a similar cult in Texas “reaffirms 
its historic stand that Adam ’s body was 
fashioned out of matter previously cre- 
ated out of nothing. ’ ’ Either of these in 
a single sentence, as compact as any of 
Lyell, Darwin or Huxley, elucidates the 
origin of man. And if necessary the 
same truth could be proved by inversion. 
There is no man in animals, therefore 
there is no animal in man. 

A definite assertion like this at once 
clears the air and closes the door against 
future heresies. For nearly two hun- 
dred years the famous dictum of Arch- 
bishop Ussher had held its ground. 
“Heaven and earth, center and circum- 
ference, were created all together in the 
same instant, with clouds full of water, 
on October 23, 4004 B. C., at nine o’clock 
in the morning. 


In an essay attributed to Lord Bacon, 
the story is told of the effort on the part 
of a cult of priests to find out how many 
teeth a horse has. Appeal was made to 
the Fathers and to Aristotle, but without 
result. Finally some one suggested look- 
ing at a horse. This was fiercely re- 
sented by the scholars. “Satan hath 
tempted this bold neophyte to declare 
unholy and unheard of ways of finding 
truth, contrary to all the teachings of 
the fathers. ” The disputants finally de- 
clared it to be “an everlasting mystery, 
because of a grievous dearth of historical 
and theological evidence thereof and so 
ordered the same writ down.” 

This incident has an importance in 
sciosophy which does not appear on the 
surface. It is not a matter of horse’s 
teeth alone, but of the great principle on 
which traditional sciosophy rests. If we 
allow an appeal from authority to ob- 
servation and experiment in one case, we 
shall be forced to do so in all. Authority 
would cease to be a pillar all men could 
lean against. Luther’s appeal to “pri- 
vate interpretation” of the sacred books 
would be applied to all philosophy, theol- 
ogy with the rest. To “private inter- 
pretation” we owe the splitting of reli- 
gious organization into hundreds of 
cults or denominations. Spreading its 
destructive infiuence, everywhere in 
human relations, it threatens most dis- 
astrous results. It has brought them on 
already, and even a great unifying war 
can not reclaim the fragments. 

No discussion of sciosophy could be 
complete without recognition of its im- 
mediate personal values. In the words 
of the man on the street, “there is a good 
deal in it.” That is one reason why its 
beneficial influence so long endures. The 
witchhazel rod is to many the staff of 
life. In the West, where witchhazel does 
not grow, any other crooked stick (es- 
pecially of a tree that has water in it) 
will serve as well Or the divining rod 
can be made of metal. If the territory is 



SCIOSOPHY AND SCIENCE 


149 


too great to be traversed step by step, a 
small metallic rod may be passed over 
the map with equal success. 

In the rush to the Klondike thirty 
years ago, the vender of the rabbit’s foot 
grew wealthier than the washer of pans 
of gold, especially if his quarry were ob- 
tained in a country graveyard in the 
dark of the moon. At the present time 
industries based on sciosophy, such as 
astrology, palmology, hordscopy, klepto- 
mania, pluviculture, and the like, are es- 
pecially repaying. In our leading dailies 
“What the stars predict” and “What 
the planets tell” ^vide space with the 
“Dawes Plan” and the latest murder. 
In to-day’s newspaper I read that “this 
is an unlucky day. . . . The seers pre- 
dict the coming year will be as marked 
by vice and crime as 1924. It is possible 
for men to attain true greatness through 
science. There will be new wonders per- 
formed. Children of super talents will 
be born before the middle of the century. 
Children bom on this day will be ex- 
tremists, either for good or evil.” 

In our day, war lifted the lid on so- 
ciety, and secret actions and beliefs held 
in the dark now dance openly on every 
green. For the aftermath of war is the 
heyday of temperamentalism and of 
forty thousand other isms, social, polit- 
ical or religious, soothing to the soul 
and requiring no effort of the mind or 
hardening to the hands to secure them. 
”To live in two worlds at once” or in 
one “world with four dimensions” far 
from the distractions of realities is now 
an ideal easily obtained and earnestly to 
be desired. 

Authority, on the one hand, a pillar to 
lean against, and S3mipathy on the other, 
a bosom to weep into, these are the chief 
demands of humanity in the mass. Both 
these sciosophy can furnish in full mea- 
sure. No instruments of precision are 
necessary to set up authority or to set 
free the fountains of the soul, and these 
once flowing know no limitations of time 


or space. Esoteric dreams solace the fd- 
ture; absent treatment is better than 
present medicine. Its defiance of ma- 
terialism proves its spiritual value. 
Sciosophy is ennobled by being set to 
work. “To cure men of all ills what- 
ever,” says a high priest of the Nemin- 
istic cult, “we have only to show them 
the stars. When we waken in the night 
only the sight of the stars . . . can tell 
us that we are awake. When we are 
awake all dreams must vanish, and all is 
dream which breaks the serenity of the 
mind. . . . We need not deal with the 
body for the body does not exist. It is 
dull, heavy and aching because it is dead 
residuum of dream. When we forget it 
it is no longer there. ...” To this in 
the cryptic fashion characteristic of 
sciosophy is added this great principle: 
“The equipollence of the stars above and 
of the mind below shows the awful un- 
reality of evil. ” And as to this proposi- 
tion one can have no reasonable doubt. 
The paragraph just quoted ends with a 
sudden dash of worldly wisdom. With 
perfect faith in the unreality of external 
things it matters little what the practi- 
tioner does or leaves undone. Though 
money has no real existence the shadow 
in its substance proves that there is sub- 
stance in its shadow. “The population 
of our cities, ’ ’ says the high priest lately 
quoted, “is ample to supply many prac- 
titioners, teachers and preachers with 
work. To enter this field of labor bene- 
ficially to ourselves it is necessary to 
demonstrate that the patient who is able 
to pay for being healed is more apt to 
recover than he who withholds a ^ght 
equivalent for health.” Thus he who 
has paid for a tonic pill of crushed lion’s 
mane (clipped from a setter dog), or for 
a touch of an old bone of a king or a 
blessed handkerchief, or for repeating 
“To-day, to-day, in every way, I am get- 
ting better and ^tter,” is more likely to 
keep his faith than one to whom such 
favors come unasked*; It is human na- 
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ture to try to get the worth of one^s 
money. And after all, what is money 
as compared to health f Health is a 
spiritual condition not to be brought 
about by doctors with their pills and 
poultices, but an inevitable result of an 
adequate faith such as would move 
mountains. 

Chemistry arose from the earnest 
study of alchemy, the change of base 
metals into gold ; so has the art and sci- 
ence of modem medicine arisen from a 
branch of sciosophy. There was a time 
when every disease had a remedy and 
when the healing value of a new plant 
was indicated by its looks. 

Another phase of this doctrine is that 
those drugs cure a disease which repro- 
duce the symptoms of it. ‘^Similia 
similibus curantur. ’ ’ And if a drug is a 
sure cure, a little dose is as effective as a 
big one; in fact neither disease nor 
remedy is real, and the “absent treat- 
ment,'' which is nothing at all, is as 
good as anything else if not better. 

And medicine, like theology, having no 
recognized basis in science, split up 
naturally into cults. And so long as 
sciosophy holds its grip on the masses, so 
long will these cults find remunerative 
play. So long as “ignorance is the most 
agreeable of all sciences, because to se- 
cure it demands neither agony nor ef- 
fort," it will be in constant demand. 

I need not undertake to contrast sci- 
ence with sciosophy. Science is classi- 
fied knowledge, no more, no less. The 
cardinal principle of science is that we 
know nothing until men find it out. 
There is no authority under heaven or 
above it that can give answers in ad- 
vance to any question of fact. “fZoma 
locuta est, causa finita esi/^ closes no 
scientific investigation. Science is hu- 
man experience, tested and verified by 
our instruments of precision, telescope, 
microscope, scalpel, spectroscope, and 
those finer instruments of the mind 
itself, memory, logic and mathematics. 


Once its facts are obtained, they must 
be set in order. They must show rela- 
tions of cause and effect, else they lead 
nowhere. “Facts are stupid things," 
Agassiz used to say, “unless they can be 
combined into truth," and to become 
truth facts must be stated in terms of 
human experience. 

I have thus given, I trust, not unsym- 
pathetically, a few concrete examples of 
the most varied and most widely spread 
of all philosophical systems and the one 
most comforting to the human soul. 
Only a gigantic cyclopedia could tell the 
whole ; I can only touch the fraying edge 
of a huge mantle which has enveloped 
humanity since it tasted its first knowl- 
edge of good and evil. It ranges 
throughout the universe from the cure 
of toothache and heartache through all 
the clustering multitudes of stars to its 
culmination in the ineffable, mouth- 
closing syllable of OM. This opens the 
portal of Nirvana, which is nothing 
at all. 

In my own view the goal of human 
evolution is found in no single syllable, 
but rather in reason, religion and love. 
The central axis of these is reason or in- 
telligence. Through the intellect, love 
and reverence are raised above the level 
of instincts. Each has its primal 
origin in simple relations. Intellect 
arises from refiex action, a complexity of 
tropisms. Love looks forward to the 
continuance of the race. Religion finds 
its initiation in fear and awe, culminat- 
ing in reverence and duty. Each of 
these in its exalted reaches is upheld by 
intelligence, its organ of vision. 

The term reality is used in psychology 
to denote impressions on the mind or 
nerve center due to the impact of ex- 
ternal impulse. It is an objective 
impression as distinguished from a sub- 
jective condition. Subjective appear- 
ances of reality seen by "the mind’s 
eye" only may be illusions. An illusion 
at bottom is usually a fading memoiry, a 
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continuance of a reality after its source 
has passed away. An untruthful inter- 
pretation of an actual reality is a delu- 
sion. Delusion and illusion form the 
subject-matter of sciosophy as reality 
forms the basis of science. 

In the reality of the objective world, 
the integrity of science and sanity of 
men are alike bound up. The distinction 
between objective and subjective, be- 
tween reality and illusion, between fact 
and fancy, between presence and mem- 
ory, between reason and tradition, all 
fundamental in human psychology — each 
is essential in human conduct. Truth is 
livable and error is not, a difference 
which appears in the stress of the con- 
duct of life. 

The power to summon up adequate 
truth from our realities is called common 
sense. Science is only common sense ex- 
panded and verified and applied to a 
wider range of objects. With its instru- 
ments of precision (mind, memory, logic, 
mathematics and its accessory tools) it 
goes beyond the obvious into the hidden 
complexities of truth. The final test oF 
truth is its livableness, the degree to 
which we may trust our lives to it or to 
the methods by which it is won. It is not 
merely workableness, ” for an idea false 
or incomplete may be workable in a de- 
gree. Many elements of sciosophy are 
workable, if not put to an acid test. 
That one man or ton million men get 
along with an idea or a dogma does not 


argue its soundness, unless these mhn 
have successfully translated it into 
action. 

The relation of science to human life 
is in main threefold: first, to help hu- 
manity by its control of sanitation, con- 
servation and the use of the forces of na- 
ture — this is applied science; second, to 
furnish a sound basis for the conduct of 
life — this is the art of ethics, and right 
living can fall back on no other author- 
ity. We must not trust to impulse or in- 
stincts, for the power to control and to 
discriminate among these is the function 
of intelligence. We can not trust to reli- 
gion, for the sentiment of fear, awe, rev^ 
erence and duty is sadly overlaid by 
superstition. It is for science to com- 
bat superstition and to disentangle reli- 
gion from its meshes. 

The third function of science is to 
widen the human mind. Its span is the 
universe, dealing with the infinite great 
as with the infinite little. We can reach 
a small part, not a fraction but a tan- 
gible fringe of a universe in which there 
is neither great nor small. We find in 
it endless change, but every change is 
orderly. So far as we can see, “nothing 
endures save the flow of energy and the 
rational order that pervades it. “ This 
intelligence we can not describe nor cir- 
cumscribe. We can not speak of it in 
any terms of human experience, and to 
try to do so shows only the narrowness 
of our conception. 
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One of the chief glories of the human 
intellect is that we can easily recognize 
the assumptions on which thought itself 
proceeds — the so-called postulates of 
logic. It never occurs to most of us to 
question those assumptions; to do so is 
not ‘'common sense.” But it is well to 
question them, because by so doing we 
shall arrive at extremely important re- 
sults — results which lighten the labor 
and clarify the vision of the student of 
nature as well as the philosopher. 

In this article we shall show that the 
nature and methods of our everyday 
reasoning are based on the physical laws 
of our universe, and up to the present 
have been seriously limited by those 
laws. We shall find that the mind can 
conquer these limitations and can delib- 
erately set up for itself new modes of 
thought which have little in common 
with those of our fathers. Our ordinary 
thinking is only a special case of a sci- 
ence we shall call superthought until a 
better name is suggested. We shall dis- 
cuss briefiy some features which are 
common to all the systems of logic which 
are contained in superthought, and shall 
point out that certain groat problems of 
philosophy are probably insoluble in 
terms of our normal modes of thinking. 

Let us begin with a simple example to 
see how the structure of our logic is con- 
trolled by our physical experiences. 
Suppose we look at two objects A and 
B and find that A is like B in all re- 
spects save that they occupy different 
positions in space. Now let us compare 
B with a third object C, arriving at the 
conclusion that they too have the same 
properties. It does not follow that on 
comparing A with C they will be found 
identical. True enough, A and C have 
turned out identical in all cases which 
have arisen within the memory of man, 


but if we found in some instances that 
A and C were quite different, we should 
not be in difficulty. It would be an ex- 
citing game to investigate the new laws 
of nature — to determine under what cir- 
cumstances A is C; under what other 
circumstances A is not C; and in cases 
where A is not C, to find out in what 
ways they differ. 

The reader should look before he leaps 
if he feels inclined to dissent. Suppose 
he says that we have arrived at a con- 
tradiction ; that on comparing A with B 
a second time we should find them dis- 
similar. There is no objection. It may 
very well happen that on performing 
this fourth, absolutely independent ex- 
periment the result will be different 
from that of the first comparison of A 
and B. The result depends entirely on 
the properties of space and time in the 
universe where these experiments are 
performed. We admit at the outset that 
such lightning changes in the essential 
nature of objects would be disconcerting 
until we learned the underlying princi- 
ples upon which they depend, After all, 
it might be just as easy to follow the 
vagaries of such a universe as to under- 
stand a world in which one bacterium can 
start a plague and decimate a nation, or 
a trivial “international incident” can 
soak whole continents in blood. 

A colony of human beings in a uni- 
verse with the peculiarities described 
above would so mold the fabric of their 
thought as to cope with the situation 
automatically. To them the new laws 
governing the behavior of objects would 
come, in the course of a few generations, 
to be laws of thought. The behavior of 
objects in our actual world would seem 
to them “impossible,” “incomprehensi- 
ble” or even in some cases “self -contra- 
dictory.” 
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The syllogisms which would be con- 
structed in the new universe have a 
strangely unfamibar ring to terrestrial 
ears. Returning to our former example, 
suppose that the law concerning the 
similarity of A and C were this : A is C 
from 6 A. M. to 6 P. M. but A is not C 
in the other twelve hours of the day. A 
typical syllogism would read as follows : 

A is B, 

B is C, 

It is half past nine in the morning, 

Therefore, A is C. 

Such syllogisms would afford wise and 
convenient rules for the conduct of life 
in the new universe. The changes tak- 
ing place at six o'clock would appear as 
natural to the dwellers in that universe 
as sunrise and sunset seem to us. 

In conclusion, the laws of logic are 
fundamental regularities of nature, not 
of mind. 

Up to this point our attack has been 
directed against the nature of the rea- 
soning process. We turn now to over- 
throw the seemingly absolute and un- 
changeable character of the simple state- 
ments which form the raw material for 
the reasoning process. Stripped of all 
accessories, a simple statement is to be 
regarded as the symbol for a mental 
comparison of two objects, or of some 
quality of two objects. All our percep- 
tions seem to be expressible in the forms, 
A is B, or A is not B. We shall concern 
ourselves with the consequences of the 
fact that the statement '*A is B” is a 
little too strong, regardless of what A 
and B may represent. All that a single 
conscientious observer can say is, ^*A 
appears to me to be identical with B." 
Coincident testimony from a number of 
observers can not change the situation. 
We can never be certain that another 
group of observers will register the same 
opinion as the first. All the color-blind 
men in the world would call a red dress 
and a green dress similar. A dew ex 
machina is required in the shape of a 
person with normal color vision to set 


them right about the way things appear 
to the great majority of people. Per- 
haps a still more capable deus — a de- 
parted spirit, for example — could ad- 
vance very cogent and subtle arguments 
to show that red is identical with green. 

The moral of this extreme case is, 
similarity and dissimilarity depend as 
much on the observer as on the thing 
observed. We can not say in the last 
analysis whether one observer or one 
method of observation is better” than 
another. The result is that we lose all 
basds for the comparison of objects. 
Objective reality has no meaning until 
we specify the observer. The philosophic 
arguments which center around realism 
and idealism are frequently valueless 
because of failure to specify at the be- 
ginning the essential qualities of the 
observer. 

To give a concrete example: in the 
days before relativity it was believed 
that the length of a rod would be the 
same when measured by an observer at 
rest as when measured by an observer in 
motion along the rod. To-day the phy- 
sicist tells us with all solemnity that 
when the experimenter is moving rap- 
idly all bodies appear to be shortened in 
a direction parallel to the line of motion. 
The statement “This stick is a yard 
long” is true only for an observer mov- 
ing in a certain way with respect to the 
stick. Nearly the whole essence of the 
theory of relativity, as far as its philo- 
sophic implications are concerned, is that 
it shows exactly what types of physical 
quantities are assigned the same value 
by observers moving in all possible ways, 
in all portions of space and at all times. 

Now an object may be existent as far 
aa one of bur senses is concerned, but 
non-existent for another. Existence de- 
pends on the mechanism of perception 
and is wholly relative. We can not 
make much progress in devising ways 
and means for generalizing our modes of 
thought by supposing our senses per- 
fected. That simply throws the problem 
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one step farther back in an infinite se- 
quence of steps. It raises the questions 
connected with the existence of an om- 
niscient being, which probably can not be 
solved in our ordinary modes of thought. 

We arrive now at a very important 
question. Is it possible that for a given 
observer an object could both exist and 
not exist, at the same time? Of course 
this is impossible in our universe, and 
two reasons for this impossibility sug- 
gest themselves. 

First, the impossibility may be due to 
the imperfections of our senses. Sec- 
ond, it may be due to some cause inher- 
ent in the structure of the universe, 
having nothing to do with our personal 
limitations. But it is the author’s opin- 
ion that these two causes can not be 
rigorously distinguished for the simple 
reason that we ourselves form a part of 
the physical universe. Whether the im- 
possibility resides within ourselves or in 
the objects around us is quite immate- 
rial. The important thing is to con- 
struct a universe in which a thing can 
both exist and not exist at the same time. 
Unfortunately the simplest example is 
likely to be misunderstood by all except 
the mathematician and the physicist, but 
we shall give it for completeness’ sake — 
in a footnote.^ The reader who can not 
understand this example will have to 
apply to some mathematical friend, who 
will assure him it is easy to see through, 
after one has studied college mathemat- 
ics for three or four years. I regret my 
inability to give a generally intelligible 
example. 

Is the result to be nothing but chaos 1 
No ! It is now possible to adopt for the 
comparison of objects any rules that 

^ OoxiBider a being who dwells in a unlverHe 
where time is like our apace. Let him obserre 
a particle, the space and time coordinates of 
which remain constant while a quantity ana- 
logous to our own time, called quasi-time, con- 
tinually varies. If the world line of the 
particle is discontinuous, like a row of dajdiea 

, then the particle will both exist and 

not exist at the same time. 


seem to be convenient or serviceable. It 
is possible to build a thousand systems 
of logic, each with its own set of roles 
for playing the game; to devise new 
types of syllogism, in which several re- 
sults may follow from a given set of 
premises ; ur to devise still other types in 
which three or seven premises are essen- 
tial before a single result can be drawn 
out. 

With certain obvious exceptions, each 
s 3 rHtem of logic can be discussed in terms 
of the thought forms of any other sys- 
tem, and finally we may hope to attain 
a Imowledge of the actual laws of 
thought, if there be such; to obtain in- 
variant relations in accordance with 
which the mind operates whatever be the 
artificial “laws of nature” which we im- 
pose on the objects presented for its 
consideration. It may be objected that 
all these logics can be treated in terms 
of our own system of thought. But it is 
well to see clearly that they can also be 
treated in terms of other systems. This 
gives us an invaluable generality of 
viewpoint in attacking all kinds of 
philosophic problems. 

Let us give a practical example of the 
value of these methods, by discussing the 
existence of Ood. All the endless rig- 
marole of proofs of the existence of God 
would never have been written if the 
problem had been couched as follows: 

In what types of universe, in what 
systems of logic, with what definitions of 
existence, with what definitions of the 
qualities of a Supreme Being, is it pos- 
sible to prove the existence of that 
Supreme Being! Does our own system 
of logic belong to the class of systems in 
which such a proof is possible t 

The generalization to other problems 
of philosophy is obvious. 

It is well to cherish a profound respect 
for the unknowable. The gifted poet 
who wrote the book of Job mentions ai 
an attribute of the Divine that 

He ealleth the things that are not 

By name as though thay were. 



TRANSPORTATION 
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How to transport persons, ^ds and 
news both quickly and cheaply is an age- 
old problem which is receiving a progres- 
aive, but never complete, solution. 
After a brief introduction I wish to deal 
with the present status of transportation 
in this country with some slight refer- 
enees to conditions in foreign countries. 

Our country during the earliest part 
of its history was narrowly hemmed in 
between the Atlantic coast line and the 
Appalachian mountains. Those moun- 
tains are not high but any student of 
physiography or any observant traveler 
who has passed over the Baltimore and 
Ohio railway from Pittsburgh to Wash- 
ington will know that because of its 
rarely broken sky line the chain was all 
but impassable for the vehicles of colo- 
nial times. So restricted and so poor a 
country drove its people to the sea for 
a livelihood. Shipbuilding, fishing, the 
rum trade, the slave trade and the car- 
rying of commercial freight of other 
sorts were major occupations. It was 
not by accident that the United States 
was BO conspicuously successful in naval 
engagements in the war of 1812. 

It was difficult to pass the Appa- 
lachians. It was not impossible. Penn- 
sylvania Germans and other northerners 
moved down the long valleys of the 
mountain region to what is now West 
Virginia and western Virginia. The his- 
tory of sectionalism in this region is a 
miniature of the history of sectionalism 
in the United States. Through the 
Cumberland Gap and a very few other 
means of difficult and dangerous egress 
some adventurous spirits filtered into 
the transmontane r^on, braving In- 
dians, malaria, loneliness and the multi- 


tudinous privations incident to the 
pioneer. 

“Develop transportation or die“ 
might well have been the national slogan 
of this time. Separatist influences 
reached the point of imminent danger. 
The ephemeral state of Transylvania, the 
Spanish agents, the French agents, were 
evidences of a discontent that would not 
be allayed so long as our government 
either could not or would not provide 
such means of transportation as would 
unify its people. 

The steamboat was invented none too 
soon. In but a few years it was followed 
by the steam railway. The president of 
the New York Stock Exchange, in an 
address delivered in September of this 
year before the New York University 
Forum, spoke of the early seafaring of 
our people and then said : 

Suddenly, however, toward the middle of the 
19th century, this maritime activity and inter- 
national outlook vanished. The American mer- 
chant marine was slowly abandoned, and the 
Amerioan shipping towns languished, never 
really to revive. The young men no longer 
took to the sea. The Stars and Stripes prac- 
tically vanished, not only from distant oceans, 
but almost frpm the Afiantio as well. Aban- 
doning the seaways, the United States turned 
its face to the western wilderness. 

This transformation, still so perplexing to 
Europe in some of its present day consequences, 
was occasioned by a major historical happen- 
ing— the success^ westward passage of out 
Appalachian mountain chain by the steam rail- 
road. Almost at a stroke the old coastal settle- 
ments along the Atlantic were placed within 
easy access of wbat were perhaps the richest 
agricultural and mineral lands in the world. 
It is therefore little wonder that America 
abandoned the aeaways for the landways, and 
that the energy of our people was diverted 
from roaming the seas to oofonising the wilder, 
ness. The whole eountoy sodden^ faced the 
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west, and became immersed in a new and vast 
internal conquest. 

It is well, if we are to grasp the full signifi- 
cance of the last hundred years of American 
history, that we attempt to visualize the tre- 
mendous task undertaken by the early Ameri- 
can pathfinders and pioneers. From the sum- 
mits of the Appalachian mountain chain there 
stretched away to the westward an enormous 
valley, extending some 2,000 miles to the Rocky 
Mountains and the Pacific Coast, and an equiva- 
lent distance from the Great Lakes to the Gulf 
of Mexico. . . . Excepting Russia, the whole 
continent of Europe could be without difficulty 
placed insride its tremendous interior reaches. 
The penetration of this primeval region by the 
steam railroad at once imposed upon the Ameri- 
can people the task of colonizing and bringing 
under one governmental control this enormous 
area. 

Turnpikes, canals and railways vied 
with each other for supremacy. Lincoln 
remarked that people expected to navi- 
gate every damp spot. Between the 
danger of lacking suitable means of 
transportation and the danger of being 
bankrupt by attempting to provide such 
means the choice of our population 
varied from time to time. Panics, bank- 
ruptcies and repudiations delayed prog- 
ress but could not stop it. By 1916 our 
railway system had attained its maxi- 
mum mileage. Some 3,800 miles have 
been subtracted from the aggregate mile- 
age during the last decade. Additions 
and abandonments take place each year. 
The latter exceed the former. 

The records of the Interstate Com- 
merce Commission give the reasons for 
the abandoning of roads. Competition 
of buses and trucks is insignificant as a 
cause for abandonment. Chief causes 
are the exhaustion of mines or timber 
tracts to which branch Unes have been 
built and the realignment of tracks to 
avoid circuitous detours and thus 
shorten the distance between two sta- 
tions. 

Recent new mileage is chiefly for 
shortening the roads by eliminating 
curves and detours, for double-tracking 


and quadruple-tracking and for extend- 
ing terminal facilities. 

That the total freight carried by the 
railways has increased while the length 
of line has diminished shows that exist- 
ing line^ are more efficient than for- 
merly. Within a quarter of a century 
our rail traffic has increased nearly 800 
per cent. — from 114 billion ton miles to 
338 billion ton miles. The total revenue 
freight carried by the New York, New 
Haven and Hartford in 1921 was aj)- 
proximately 22,000,000 tons; in 1926 it 
was 28,300,000-— a gain of nearly 30 per 
cent. The total number of revenue pas- 
sengers, exclusive of commuters, in 1921 
was 25,200,000, while in 1925 it was only 
22,600,000— a loss of 2,600,000. Com- 
muters averaged longer trips and higher 
rates, however, so that the total passen- 
ger revenue increased $1,200,000 over 
the earlier period. 

The Illinois Central System ranks as 
one of the leading fruit and vegetable 
carriers in this country and is naturally 
interested in moving freight as rapidly 
as possible. Its fruit and vegetable 
traffic in 1924 amounted to 1,520,794 
tons. The principal commodity b 
bananas, imported through New Orleans, 
the country’s largest banana port. The 
banana movement continues throughout 
the year but is heaviest during May, 
June and July. The movement of de- 
ciduous and citrus fruits from the Pa- 
cific Coast, approximating the tonnage 
of bananas from New Orleans, is almost 
entirely from Omaha to Chicago, with 
the peak movement in September. 
Florida citrus fruits move from Janu- 
ary to May. Strawberries are brooi^ 
from the south to the north from Feb- 
ruary or March to June or July. 

The Hlinois Central is spendinf 
$17,000,000 in building a double-tradk 
cutoff from Edgewood, Illinois, to Ful^ 
ton, Kentucky, a distance of 166 miles. 
This will save twenty-two miles in ths 
distance between Chicago and Nesr 
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OrleauA. The Central of Qeorgfia Rail- 
way (a sabsidiary of the Illinois Central 
System) is reducing grades and curves 
and cutting down distance on its main 
line between Birmingham, Alabama, and 
Columbus, Georgia, at a cost of about 
$7,000,000. 

The Louisville and Nashville is 
spending $3,000,000 for second track 
and tunnels near Fort Estill, Kentucky. 
An aggregate of from $10,000,000 to 
$12,000,000 is represented in the big 
work which the Southern Railway Sys- 
tem has done and is doing in Tennessee, 
North Carolina, South Carolina and 
Georgia. 

Slectrification of what were originally 
steam railways has made some progress. 
The Illinois Central has very recently 
completed the electrification of its Clii- 
eago terminal and it now operates 418 
snburban trains a day on this terminal 
and carries in them an average of 87,000 
revenue passengers daily. 

Both the Virginian Railway and the 
Norfolk and Western Railway have elec- 
trified some hundreds of miles of their 
lines, thus greatly increasing their capac- 
ity for hauling coal By the electrifica- 
tion of the Norfolk and Western the 
average train loading has been increased 
some 33 per cent., and the average train 
movements practically the same amount. 
This means that the track capacity has 
been very nearly doubled. 

On the Chicago, Milwaukee and St. 
Paul electrification effected a reduction 
of 22V^ per cent, in the number of trains 
and out down the time of trains 24t/^ per 
cent. Thirty per cent, more tonnage can 
be handled in 80 per cent, of the time. 
Eleetrie engines work better in cold 
wwthev than in hot weather. When 
almost all trains in the United States 
were late during the bitterly cold winter 
of m:7-18 the trains on the Milwaukee 
vute on time. It is also a great relief to 
go thmnigh l(mg tunnels without needing 


to close car windows to keep out sm(Ae 
and gas. 

On the Erie railroad between Roches- 
ter and Mount Morris the line has been 
electrified for fourteen years. It has 
been tied up only once on account of 
storms and then for only four hours. 
Steam tie-ups of ten hours to three days 
had occurred on several occasions. 

The electrified terminal makes it pos- 
sible for great and elegant hotels and 
businesses of the highest and most ex- 
clusive class to exist right alongside a 
great terminal. There is little noise, no 
smoke or steam, no hooting of engines, 
no human suffering and destruction of 
property from soot and gases. 

The regenerative characteristics of 
electric installation are economical and 
efficient. The mechanism of the electric 
engines, when running down grade, is 
employed to create additional current 
which is stored for use by engines going 
in the opposite direction. 

Motor bus service is rapidly increas- 
ing. One bus line runs from Chicago to 
Denver, another runs from Denver to 
San Francisco and another runs from 
San Francisco to Portland. Probably 
one can not go from Portland to Denver 
by bus, but he can go from Portland to 
Pendleton and from Greeley to Denver, 
thus shortening the railway journey 
from Portland to Denver at both ends 
if he chooses to do so. A bus line oper^ 
ates between Denver and Kansas City. 
A bus covers the ninety miles between 
Wanamaker’s stores in Philadelphia and 
New York, respectively, in less than four 
hours. Well-informed authorities on 
transportation confidently predict that 
]yithin a comparatively few years 
!^2,000 additional buses will be added 
to the 70,000 now in use. 

North Carolina and Florida have pros- 
pered largely because of the energy of 
those states in highway building. One 
writer says; 
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Ttie improTed highway is one thing which, 
thoagh costing much money, nevertheless, in the 
end costs nothing to the state, to the commu- 
nity or to the individual user. It is literally 
something for nothing. Improved roads so 
greatly lessen the consumption of gasoline per 
tn-ilft and BO increase the life of the automobile 
and tires that the motorist is actually making 
money when he pays a gasoline tax which en- 
ables him to secure good highwaya 

In North Carolina sleeping car buses 
are in xise. 

Probably one of the most romantic de- 
velopments in motor transportation is 
that that has taken place in recent years 
in western Asia. Over the age-old 
Syrian desert routes American motor 
oars and even deluxe buses of the latest 
design are fast replacing the camel cara- 
vans and maintaining, in spite of such 
handicaps as sand storms, floods and 
marauding Bedouins, a refpilar service 
for the transport of passengers and 
mails. The motor route from India to 
Beirut, on the Mediterranean, by way of 
Bagdad, shortens the journey from India 
to Europe by a fortnight My friends 
who come from India on furlough now 
come from Ur to Canaan by bus. They 
make better time than Abraham or 
Jacob, but it is only fair to add that 
they are less encumbered by children 
and other live stock than were those 
worthies. 

A regular motor service runs from 
Bagdad to Teheran, the Persian capital. 

The fruit growers in Honduras run 
their motor trucks on a narrow gauge 
railroad because improved highways do 
not exist. 

Discussion has already arisen in the 
United States as to the practicability of 
subjecting motor bus lines to the control 
of the Interstate Commerce Commission 
and making tickets on bus lines, steam 
railroads and electric lines interchange- 
able. 

The ubiquitous and iniquitous private 
motor car is too well known to demand 
much consideration here. For several 


recent seasons more than one half of tba 
visitors to Yellowstone Park eame Ha 
their own cars. Many small weateni 
towns receive an appreciable and apim- 
ciated addition to their incomes from 
the expenditures of tourists by auto- 
mobile. Other effects of this means of 
transportation, together with the move- 
ment of goods by truck, are the rapid 
rise in land values in suburban distrieta, 
the delivery of goods by urban stores to 
ever-widening suburban areas, the grow- 
ing difficulty of finding urban parking 
space and the serious problem of pre- 
serving at least some of the ventureaome 
pedestrians. Suggested solutions, none 
of which has yet been tried on a large 
scale, are sidewalks elevated to the sec- 
ond stories of buildings for pedestrians, 
the ground level for passenger autos and 
electric cars and subways for toatka; 
zoning residential districts, restrieting 
the height of dwellings and requiring 
community garages to be provicM; re- 
quiring stores and factories to house, 
load and unload their own trucks (m 
their own premises; requiring railwaya 
to make delivery at the premises of the 
ultimate consignee. 

Postmaster-Qeneral New says that tha 
government should leave to private oper- 
ators the business of carrying the mail 
through the air. Several contracts have 
been let to private operators, althoni^ 
there are a number of government oper- 
ators as well. 

A new phase of transportation is tha 
carrying of great quantities of elaetrie 
energy from its point of producticai to 
any place where it is needed. This is 
called Giant Power. At the biennial 
meeting of District No. 12 of the United 
Mine Workers of America, hdd at 
Peoria, Illinois, in May, 1924, Preaideiict 
Farrington pointed out that ondar tha 
present method of mining one third of 
the coal is left in the ground and lost 
forever. He also said: 
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It ooeti nearly aa much to haul a ton of coal 
from iouthem lUinois to Chicago as it coata to 
produce the coal. 

It eoeta more to deliver a ton of coal from 
the oar in Chicago to the bin of the consumer 
than it eoata to mine the coal or to haul it from 
the mine to Chicago. 

If the facta were ascertained it might also 
be found that it costa nearly as much to remove 
the ashes, cinders and clinJcera from the base- 
ment of the consumer and dump them into the 
lake as it costs to mine the ton of coal in the 
drat place. The city of St. Louia, for instance, 
is paying $2.10 for the removal of a ton of 
ashes. 

It also might be proven that the smoke 
nuisance caus^ by the present method of burn- 
ing coal in largo cities is inflicting more dam- 
age to buildings, fabrics and health than is 
represented by the cost of production. 

In these few items we have enough waste to 
equal more than two thirds of the price paid 
by the consumer. There is, however, a greater 
waste which is due to the present method of 
utilising coal. 

To obviate tbe present wastes the fol- 
lowing proposal was made : 

(1) The formation of a semi-puhlic 
corporation in which miners, operators, 
consumers and the state should be rep- 
resented. 

(2) The establishment of one or more 
giant power plants on the Ohio and Mis- 
sissippi rivers for the manufacture of 
electricity. 

(3) A network of power lines to make 
electricity available to every hamlet and 
farm house in the state. 

(4) The distillation of coal at or near 
the giant power station, in order to save 
the by-products of coal which are now 
wasted. 

The benefits anticipated from the plan 
suggested are: 

(1) An increased demand for Illinois 
coal throngh (a) The suhstitntion of 
electric light for kerosene light, (b) 
The substitution of electric power for 
gasoUne power, (c) The substitution of 
electric stoves for wood, oil, gasoline and 
ornde oil-huming stoves, (d) The more 
extensive use of electric labor-saving de- 
vices in home and farm, such as washing 


machines, vacuum cleaners, com shred- 
ders, etc. (e) The illumination of con- 
crete highways, (f) The substitution of 
artificial anthracite for fuel oil in heat- 
ing plants. 

(2) A marked reduction in the price 
of light, heat and power at the expense 
of waste in transportation, selling and 
delivery. 

(3) The stimulation of industry by a 
steady supply of light, heat and power, 
at reasonable prices. 

(4) The abolition of the smoke nui- 
sance. 

(5) Cheaper fertilizer for the recla- 
mation of farm land. 

(6) Steady employment of miners. 

Taking out by-products, if scientifi- 
cally done, reduces the energy of coal by 
from 8 to 15 per cent., varying with the 
method and the coal used. 

The south has made great progress in 
the use of giant power. As one result 
cotton manufacturing is shifting from 
north to south to a marked degree. The 
south has to-day over one half of the 
country’s cotton mills which are con- 
suming 65 per cent, of all the cotton 
manufactured in American mills; and 
are turning out 57 per cent, of the coun- 
try ’s cotton goods. 

Greater progress is being made in 
Alabama in the experimental work in 
connection with the utilization of elec- 
tric light and power on farms than in 
any other part of the United States. 

This giant power is expected to save 
coal by using the coal near the mine as 
has bMU stated. It is also trae that 
great quantities of electric energy gen- 
erated by water power can he trans- 
ported long distances, if necessary, with 
little loss of power in transportation. 
This obviates the location of power- 
oonsoming factories in the often almost 
inaccessible vicinity of water power and 
makes posmhle the utilization of much 
water power formerly wasted. 
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One who keeps informed in regard to 
changes in transportation must be like 
Alice in Wonderland, who had to run as 
fast as ever she could just to keep in the 
same place. The issue of the Literary 
Digest for October 2, 1926, to mention a 
periodical not in any sense specializing 
in the subject, had three diverse major 
items in regard to various kinds of trans- 
portation. The first item stated that 
with an expenditure of more than ten 
million dollars and five years of work, 
during which sixteen million cubic yards 
of material were moved, the United 
States Government has converted the old 
Chesapeake and Delaware to a spacious 
sea-level canal that will be opened for 
general use some time in the autumn of 
the current year and added that at a 
dinner recently given by the Atlantic 
Deeper Waterways Association in Wash- 
ington, General Taylor said : “I look for- 
ward to the time when it will be possible 
for a boat to go from New York to 
Florida, across Florida, and along the 
Gulf Coast to Corpus Christi, Texas, 
without ever going into the ocean.” 

The second item told of experiments 
made by Professor Ryan, of Leland 
Stanford University, on a record-break- 
ing high voltage machine, consisting of 
six huge transformers, requiring more 
than two years to build at Pittsfield. 
More than one hundred miles of wire 
were required and the total weight is 
about 270,000 pounds. Its cost was 
about $500,000. ‘‘Looking forward to 
the time when power must be trans- 
mitted for hundreds of miles to meet the 
demands of the San Francisco territory, 
the set has been installed by the univer- 
sity BO that it may solve well in advance 
of requirements the problems of high 
voltage transmission.” 

The third item told of the achieve- 
ment of Mr. T. E. Mitten in combining 


in the Philadelphia Rapid Transit Com- 
pany ownership and operation of street 
cars, motor buses, taxicabs, an inter- 
urban bus service between Philadelphia 
and New York City, Wilmington, Valley 
Forge, Washington and Atlantic City, 
and an airplane service from Philadel- 
phia to Washington soon to be extended 
to Norfolk. 

The Classmate for October 2, 1926, 
announced that on the seventh of Octo- 
ber, at Quincy, Massachusetts, would be 
celebrated the centennial of the opening 
to traffic of the first railroad in the 
United States. This was a genuine and 
effective railroad, although its cars were 
drawn by horses. 

Other important current projects for 
transportation are a deep waterway 
from the Great Lakes to the Atlantic 
way of the St. Lawrence and another by 
way of the Hudson River Valley ; a deep 
waterway from Chicago to the Gulf of 
Mexico ; and various projects for the ex- 
tension of commercial aviation and for 
perfecting the radio. The prediction is 
confidently made that before many years 
people can sit in their homes and both 
see and hear the President of the United 
States deliver his inaugural address and 
that the phonograph will be so syn- 
chronized with the movies that a moving 
picture house will resemble a theater 
with actual players present. 

In conclusion it is well within the 
bounds of truth to say that during the 
125 years since 1800 transportation 
facilities have developed to a greater ex- 
tent than in all history preceding 1800 ; 
that the first quarter of the twentieth 
century saw more of such development 
than any other period of equal length; 
and that he who sits by the side of the 
road and watches the world go by enjoys 
an increasingly varied and animated 
spectacle. 



THE EFFECT OF CONTACT ON THE SOCIAL 
ORGANIZATION OF THE 
AMERICAN INDIAN 


By Professor E. E. MUNTZ 

NEW YORK UNIVEB8ITT 


The contact of different race groups 
brings into full prominence the contrast 
and antagonism of their respective mores 
and customs. The more widely sepa- 
rated such societies are in culture, the 
more intense will be the conflict. The 
codes in themselves furnish a casus belli. 
Each group is imbued with the idea that 
its ways are the only right ones and is 
wont to loc^ upon those of the other as 
ridiculous, perverse and even contemp- 
tible. This is especially true when it is 
a matter of the secondary mores, such as 
those centering about family customs 
and religion. Thus we, as members of a 
civilized society, regard our societal 
mores to be the best, the only true ones. 
They are adjustments for us on our 
present stage of economic and social 
development. We are used to them, 
brought up in them and can not, there- 
fore, give an unbiased view of them. 
Consequently we are shocked and sur- 
prised when primitive man sees the 
ludicrousness of some of our mores and 
points it out to us. As far as our code 
is concerned the savage is acting ration- 
ally, but with respect to his own he is 
biased. There is no immediate verifica- 
tion. It is as Professor Keller says: 
“You can persuade a savage of the in- 
adequacy of his stone hatchet long before 
he can be made to see that his family 
system is capable of being superseded by 
one yielding better satisfaction to his 
interests.’’^ A highly developed and 
civilized community can not be fashioned 
at one stroke out of so unpromising 
material as a primitive race. 

1 Keller, A. O., "BooleUl Bvolntlon," p. 186. 


The decline and disintegration of the 
native social system can be attributed, in 
large measure, to the intolerance of the 
races of higher culture for the customs 
and mores of the backward races. This 
has made itself felt in many ways; for 
example, the direct prohibition of native 
customs repulsive to the code of the 
dominant race and the inculcation of a 
contempt for the ways of the ancestors 
in the young of the subject group. Other 
important reasons for the decline of the 
native social system are to be found in 
miscegenation and the selection by the 
“lower” group of new usages, some of 
which may be adaptations from the 
superior race, as a necessary conse- 
quence of new life conditions imposed by 
contact. 

Of primitive customs inconsistent with 
the moral code of western civilization 
anthropophagy and human sacrifice come 
in for the most severe condemnation. In 
one form or another cannibalism has 
been practiced by large numbers of the 
American Indians. It was a common 
custom in the regions of La Plata. Thus 
Alvar Nufiez assembled all the native 
subjects of the king at the Ascension and 
solemnly warned them to give up the 
eating of human flesh, as that was a sin 
and an offense in the sight of God. The 
monks and clergy repeated this warning, 
and then presents, such as shirts, caps 
and other things, were presented to the 
natives whom they hoped to convert to 
Christianity.* The missioners saw the 

t PomJiigueE, L. L., (tr,), "Oonqarat of La 
Plata,” by Sohmldt and Oaboxa do Vaca, 
(Hakluyt), p. 180. 
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devil in every faith except their own and 
could not discern that such native cus- 
toms as slavery and cannibalism repre- 
sented early steps toward emerging from 
the purely savage state.® The Botocudos 
were bitterly hated by the white settlers 
in Brazil because of their anthropoph- 
agous habits, and wars of extermina- 
tion were launched against them. The 
Miranhas were also notorious cannibals, 
though here it seems to have been a mat- 
ter of blood revenge and superstition; 
European culture, however, has success- 
fully uprooted the custom.* As is well 
known both Spanish and Portuguese law 
encouraged the enslavement of cannibal 
tribes. The notion that the Incas were 
cannibalistic and had developed human 
sacrifice to a great degree is denied by 
Cieza de Leon, who asserts that the 
origin of such stories was to justify the 
Spaniards^ cruel treatment of the abo- 
rigines. Indeed, if his account is to be 
relied upon, the Incas were responsible 
for stamping out the practice of canni- 
balism among all the people with whom 
they came in contact.® 

North of Mexico cannibalism was gen- 
erally a part of war custom and was 
principally based upon the belief that 
bravery and other desirable characteris- 
tics of an enemy would pass through 
actual ingestion of a part of his body 
into that of the consumer. The idea of 
eating any human being other than a 
brave enemy was repulsive to most In- 
dians.® Cannibalism is also found as an 
expression of affection for members of 

8 Burton, B. T., "The Captivity of Hans 
Stade, " (Hakluyt), p. 146, note. 

4 Von MartiuB, C. P., " Ethnographie n, 
Sprachenkunde Amerika's," I, 816 and 688. 

8 Markham, 0. B., (tr.), "Second Part of the 
Chronicle of Peru, * * by Cieza de Leon, pp. 
79-80. 

e Handbook of the American Indiana, B.A.E., 
Bulletin 80, pt. I, pp. 200-1, Note: That there 
are exceptiona to the above atatement la evi- 
dent from the explanation of a Miranha chief 
as to why hia people practiced cannibaliam. 
"Tou whites," said he, "will not eat croco- 
diles or apea, although they taste well. If 


the “in-group/' and frequently serves 
for purposes of sorcery. Human sacri- 
fices and sacramental cannibalism exist 
among the Bella-coola Indians of British 
America. Children of the poor were 
purchased from their parents for sacri- 
ficial purposes ; the souls of the sacrificed 
were supposed to go to live in the sun 
and become birds. When the English 
government prohibited this practice the 
priests dug up corpses and ate them. 
Several were thus poisoned.'^ It is the 
vital connection with religious mores and 
the supernatural which makes these cus- 
toms of primitive races most difficult to 
eradicate. 

Many times contact with the white 
race has caused the substitution of new 
customs appertaining to the higher cul- 
ture for ancient usages which were quite 
essential for the welfare of the abo- 
rigines. For instance, the wearing of 
clothing in the igloo has proven most 
harmful to the Eskimo : 

The custom — an adaptation whose abrogation 
has resulted in sickness — was to strip upon 
entering the igloo, the temperature of which, 
in the absence of ventilation, is high. Thus 
does the skin get a chance to exhale after 
being inclosed in for garments whose pores 
have been filled up to exclude cold. But the 
crowded igloo allows of little or no privacy. 
Hence the naturalness of nakedness and the 
absence of shame; hence also a lack of chastity 
and decency as judged from the standpoint of 
codes formed under other conditlons.s 

Letoumeau sees the disintegration of 
the native social system pictured in the 

you did not have ao many plga and crabs you 
would eat crocodiles and apes, for hunger hurts. 
When I have killed an enemy it is better to eat 
him than to let him go to waste. Big game is 
rare because it does not lay eggs like turtles. 
The bad thing is not being eaten, but death, if 
I am slain, whether our tribal enemy eats me 
or not. I know of no game which tastes bet- 
ter than men. You whites are reaUy too 
dainty." Spiv and Martins, "BrosUien," 
1149 — quoted in Sumner, W. G., "Folkways,'' 
p. 381. 

T Sumner, W. G., "Folkways," p. 888. 

s Keller, A. G., "Societal Evolution," p. 889. 
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disappearance of guest friendship and 
the acquisition of capital. For example, 
in the Northwest Territories of Canada 
there are now rich tents and poor tents, 
and the occupants of the latter may die 
of hunger without causing uneasiness to 
their richer tribesmen. The savages will 
no longer render any assistance without 
pay. A missionary who had given many 
years of his life to helping the Indians 
was wounded in the foot; his parishion- 
ers passed him by without offering as- 
sistance, until he called to one, who 
responded, ‘ ‘ How much will you give me 
if I carry youT"® 

One of the characteristic phases of 
Indian life was their great number of 
associations, fraternities and secret socie- 
ties, as well as public councils and con- 
ferences. These things evolved from 
actual social needs and each organiza- 
tion, game dance, feast or custom filled 
some social need. ‘^Civilization swept 
down upon them because they differed 
from our code; dances were broken up, 
councils and ceremonies were forbidden, 
and social customs frowned upon because 
they were ‘barbarous.' In the spring 
of 1909 a memorial was unanimously 
adopted at a gathering of the secretaries 
of the several mission boards maintain- 
ing stations in the Indian field to the 
effect that “inasmuch as the sun dance 
and certain other Indian dances are es- 
sentially immoral in their tendency, re- 
solved, that the Department of Indian 
Affairs be requested to take more urgent 
steps to enforce their prohibition. It 
seems impossible for the Indian's critics 

• Letourneau, Oh., 'evolution du com- 
merce," pp. 185-7. 

^0 Parker, A. 0., "The Social Elements of 
the Indian Problem," In Atnetiem Journal of 
Sodoloffy, (1015-7), XXII, 858. 

Th^ commissioner, Mr. F. E. Leupp, points 
out how little the reverend gentlemen actually 
knew in regard to the Indiim dances: "I ob- 
tained a Ust of the gentlemen who had voted 
on this proposition, and wrote a separate letter 
to each one, asking (1) in what respect the 


to understand that the dance is not a 
mere amusement for him as it is with 
us, but that it is as replete with religious 
emotion as a stirring religious revival in 
the white settlements. If left alone there 
is no question that in the course of evo- 
lution the dance will disappear of its own 
accord, for already the Indian has lost 
much of the zest he used to feel for the 
dance, and his faith in its efficiency as 
a religious rite is badly shaken if not 
utterly destroyed.^* This is certainly 
indicated at the present time by the 
commercializing of the Snake Dance and 
various religious rites by the Hopi In- 
dians and other tribes. The magical 
fraternities and secret societies are also 
disappearing as their social need 
wanes.'® 

In spite of the fact that changed life 
conditions produced by contact with the 
white race has left meaningless many old 
social customs, they continue as surviv- 
als in the daily life of the Indian. For 
instance, the Peruvian Indians, even 
though accepting Christianity, place 
coca leaves in the mouth of a corpse and 
hang round its neck a little bag contain- 
ing various seeds for its plantations in 
the next world. The aborigines main- 
tain some of the old Inca customs under 
modem guise; periods of sowing and 
reaping are celebrated with merrymak- 
ing and intoxication; dances, at which 
the participants’ dress is similar to the 
mode worn by the ancient Peruvians in 

measures I had already taken had in hie judg- 
ment fallen short, and (2) what meaeures he 
would advise my taking for the future, to the 
end of breaking up dancing among the In- 
dians. The answers were interesting as a 
study in oonstruotive criticism. Every voter 
for the momoHal assured me (1) that he did 
not know what methods I was already pursu- 
ing, and (2) that he knew so little personally 
about the subject that he was unable to offer 
any advice." 

IS Leupp, F. E., "The Indian and his Prob- 
lem," pp. 84S-51. 

IS Webster, H., "Primitive Secret Societies," 
p. 184. 
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the Rttyml (monthly dances), survive. 
These are frowned upon as relics of an 
inferior culture in the larger towns 
where the mestizo population predomi- 
nates. One very interesting custom, re- 
calling those of the Australians and 
other primitive peoples, of performing 
what the mores forbid, survives on 
Christmas day when the “negritos*' 
appear. These are Indians with their 
faces concealed by hideous negro masks. 
They perform the dances of the Guinea 
negroes and imitate the attitudes and 
language of a race which they hold in 
abhorrence. The ‘‘negritos’’ parade the 
streets for three days and nights, enter- 
ing houses and demanding cliicha and 
brandy.^* Many of the ancient secret 
societies of the Aymara Indians survive, 
apparently more for social than for re- 
ligious purposes, although they strongly 
partake of a religious nature.^® 

It is, however, with respect to mar- 
riage and the family that the most far- 
reaching social consequences of contact 
with a superior culture are to be seen. 
In the arts and industries of native life 
there was a well-defined sex division of 
labor, and so firmly fixed was this that 
the Jesuits in Canada were quite unable 
to alter it to any appreciable extent. 
The missionaries were laughed at and 
called women when they got their own 
firewood or performed chores which 
among the Indians were allotted to the 
women.'® The savages resented the in- 
terference of the whites in their domes- 
tic affairs. In Baird's relation there is 
an account of how the native husbands 
were accustomed to beat their wives for 
the slightest cause. One Indian, rebuked 
by a Frenchman for this, answered 
angrily: ‘‘How now, have you nothing 
to do but to see into my house, every 

18 Bingham, H., ''Inca Land,'' pp. 197-8. 

18 Lee, F. E., “The Influence of the Jesuits 
on the Social Organization of the North Amer- 
ican Indians,” p. 76-7. 

IT Baird's Belation, “The Jesuit Belations 
and Allied Documents,'' III, 103. 


time I strike my dogT"'^ The status of 
woman was slightly improved, however, 
by the efforts of the priests, especially 
among those peoples who were made 
sedentary or partially so. Marriage and 
the home were made more permanent; 
conditions of motherhood were improved, 
and abortion, infanticide and child sac- 
rifice were condemned and suppressed by 
the priests.'® Contact with the whites 
has caused a gradual decline of female, 
infanticide among the Eskimo about 
Bering Strait.'® In addition to the in- 
fluence of the white man an increase in 
the food supply might be given as a col- 
lateral cause. 

Polygamy, alien to the civilized code, 
never fails to excite the greatest antag- 
onism on the part of the whites. It is 
most frequently a subject for regulation ; 
likewise the looseness of the marriage 
contract among the natives. The Jesuits 
held that the best way to render mar- 
riage permanent was to establish the 
European custom of a dowry for the 
bride, reasoning that the husband would 
not so readily leave a wife who brought 
some property with her. The dowry was 
furnished by friends in Prance. Divorce 
was not allowed in the communities 
where the Jesuits had control. The In- 
dian attitude on this question is ex- 
pressed by Father Le Caron 

One of the greatest obstacles to their conver- 
sion is that most of them have several wives, 
and that they change them when they like, not 
understanding that it is possible to submit to 
the indissolubility of marriage. “Just see,” 
they tell us, “you have no sense. My wife 
does not agree with me and I can not agree 
with her. She will be better suited with such 
a one, who does not get on with his wife. Why, 

14 Von Tschudi, J. J., "Travels in Peru,” 
pp. 337, 259-68. 

leLee, F. £., “The Influence of the Jesuits 

...,'' p. 8. 

18 Nelson, £. W., "The Eskimo about Ber- 
ing Strait,” in 18th Annual Beport, BA.B., pt 
I, (1896-7), p. 289-90. 

80 Le Clerq, Father C., itr, J. G. Shea), 
"First Establishment of the Faith in New 
France," 1, 221. 
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then, do yon wish os four to be unhappy the 
rest ot our days! 

The priestly objection to polygamy 
frequently led to very perplexing situa- 
tions. At St. Joseph polygamy was 
done away with among converts. But to 
those adherents possessing more than one 
wife the mandates, ' * Thou shalt not 
kill,'’ and ‘‘Thou shalt not have more 
than one wife, ' ' together with the eccle- 
siastical prohibition of divorce, pre- 
sented a very intricate problem. The 
missioners decided that such polygamous 
marriages could not be dissolved, and 
that a man, for instance, having three 
wives might be held as an adherent until 
two of his wives should die, whereupon 
conversion could take place.*^ It is in- 
teresting to note that contact with the 
whites indirectly increased polygamy 
among the Omaha. The stimulation of 
the hunt and commerce weakened the 
old village life, created new standards of 
wealth and lowered the status of woman. 
Men took to polygamy in order to get 
female labor to work on the pelts.** 

One of the inevitable consequences of 
contact with the culture races is misce- 
genation. In Brazil the scanty Euro- 
pean population took to the ways of the 
natives in its attempt to conform to an 
environment which it could not control ; 
the adoption of the native mode of living 
facilitated an early fusion of races and 
several varieties of half-breeds came 
soon to be distinguished, for there was 
but little reason for emigration other 
than deportation for crime ; conse- 
quently but few white women were to be 
found in the colony.** In the Amazon 
region to-day most Portuguese engaged 
in rubber gathering or trade take Indian 
wives. These women are of inestimable 
worth to their husbands, for without 

Lee, F. E., ^'The Infloenoe of the Jesoite,'’ 
p. 216. 

Fletcher, A. 0., and La Fleeehe, F., in 27th 
Annual Beport, B.A.E. (1906-6), p. 614. 

A^Koeter, Henry, '^Travels in Brazil,’' 11, 
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their knowledge of the native dialects 
and their influence over their own people 
it would be quite impossible for the rul- 
ing class to maintain the condition of 
Indian vassalage that exists.** 

The objects of emigration to the Span- 
ish colonies — adventure, conquest, etc. — 
virtually excluded women. The privi- 
lege of migration was strictly withheld 
from single women, and it was difficult 
to get a wife who had been left behind. 
Consequently there was a prevailing 
absence of Spanish women and mixed 
unions inevitably followed.*® The official 
attitude was in favor of intermarriage. 
The lewdness of the Spaniards who co- 
habited with the most beautiful native 
women of Hispaniola gave offense to the 
Franciscans. Accordingly, Governor 
Ovando issued orders that the Spaniards 
must either part with their Indian con- 
cubines or marry them. Fear of losing 
their control over the Indians, which was 
considerably strengthened through these 
female connections, induced many of the 
Spaniards to marry.** Racial amalga- 
mation early became a settled policy in 
Mexico under the rule of king and 
church. Charles V encouraged the legal 
marriage of Spaniards and Indian 
women, doubtless with the idea of ulti- 
mately making the population white ; the 
church especially favored race-crossing 
in order to hasten the true Christianiza- 
tion of the people. Later, when Spanish 
women began to go to the colonies their 
union with Indian aristocrats was sanc- 
tioned by the king and urged by the 
church.*^ Miscegenation was brought 
about among some of the indomitable 

A. H., Notes on the Rio Negro 
( AmasonsE) ’ ’ in Boydl Geographic Journal, 
Oot., 1918, p. 213. 

ZB Moses, B., '^The Establishment of Span- 
ish Buie in America,” pp. 68-9. Bourne, E. 
G., ” Spain in America, 1460-1680,” pp. 266-6. 

ZB Herr, Bobt., * * Gen. History and Collection 
of Voyages and Travels, ” III, 387-8. 

ZT Thompson, W,, ”The People of Mexico,” 
p. 29. 
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native groups in Chili by the natives 
carrying off white women whom they 
captured in raids made upon the Span* 
ish settlements.’*^ 

Although there appears but little re- 
luctance on the part of most native races 
to alliances with the whites, the Tara- 
humares of Mexico form a notable excep- 
tion. Until very recently light-colored 
children were not liked and half-caste 
babies were frequently left in the woods 
to perish or given away to be adopted by 
the Mexicans. Mothers even yet anoint 
their little ones and leave them in the 
sun that they may get dark. The gen- 
eral opinion is that half-castes turn out 
to be bad people and ‘'some day will be 
fighting at the drinking feasts. ' ' In the 
border districts, however, intermarriage 
with the Mexicans is noted with increas- 
ing frequency.’® 

North of Mexico the French intermar- 
ried to the greatest extent with the 
aborigines. French colonists were prone 
to see in the Indian a fellow human 
being; to recognize the native’s pride 
and prejudices, and finally to win his 
confidence by respecting his institutions 
and often sharing in his ceremonies.*® 
The French priests would fain have 
adopted the Indian as a countryman and 
even proposed that a number of young 
Frenchmen should settle among the 
Hurons and marry their daughters in 
solemn form. The aborigines were 
gratified with so pleasing an overture. 
“But what is the use,” they asked, “of 
so much ceremony ? If the Frenchmen 
want our women, they are welcome to 
come and take them whenever they 
please [referring to the traders] as they 
always used to do.”*^ 

The various fur and trading com- 

•* UUoa, Don Antoine de, “Voyage de 
FAmerique,” I, 66-6. 

ts LumholS; 0., * ^ Unknown Mexico, * ’ ^ 
417-8. 

so Handbook of the American Indians, 
BuU. 80, pt. I, 476. 

nparkman, F., “The Jesuite in North 
America, “ I, 226. 


panies established for traffic in the re- 
gions west of the Oreat Lakes and in the 
Hudson Bay country were particularly 
influential in altering the social life of 
the natives. They brought into their 
habitat a class of men, French, English 
and Scotch, who were not adverse to tak- 
ing native wives. This was favored by 
the great fur companies as the best 
means of exploiting the country in a 
material way. 

The Cree and Chippewa have perhaps 
furnished the most mixed bloods, fol- 
lowed by the Sioux, Ottawa, Menominee 
and tribes about the Oreat Lakes. Some 
intermixture of captive white blood is 
noticeable among the Apache, Comanche, 
Kiowa and other raiding tribes along the 
Texas and Mexican borders. The Pueb- 
los have never favored intermarriage 
with the whites. The Five Civilized 
Tribes of Oklahoma — Cherokee, Choc- 
taw, Chickasaw, Creeks and Seminole— 
have a large element of white blood, 
dating back in some cases to British and 
French traders before the Revolution. 
The Cherokees, in particular, have en- 
couraged fusion, for under the former 
laws of the nation any one who could 
prove the smallest proportion of Chero- 
kee blood was rated as Cherokee, includ- 
ing many of one sixteenth, one thirty- 
second or less of Indian blood. The 
Cherokees have drawn the color line very 
strictly with reference to Negroes, but 
others have intermarried freely. In 
1905 there were over twenty thousand 
adopted Negroes in the territory belong- 
ing to the Five Civilized Tribes. Many 
of these Negroes are descendants of 
slaves formerly owned by the Indian 
tribes. The Pamunkoy, Chickahominy, 
Narragansett and Marshpee remnants 
have much Negro blood, and it is prob- 
able that many of the broken coast 
tribes have been completely absorbed 
into the Negro race.** 

Handbook of the Ameiiean Indiaas, BttlL 
80, pt. I, 814. 
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Comdderable race-mixture occurred in 
the northTrest through Buesian traders. 
The whites, either by force or agree- 
ment, compelled the Aleuts to hunt for 
them and to give hostages, generally 
women and children. The Aleuts were 
thereupon given traps and sent forth to 
hunt for the season, while the Russians 
lived in indolent repose at the village, 
basking in the smiles of the wives and 
daughters and using them as they saw 
fit. In spite of the apparent cruelty of 
the Russians they were much preferred 
to other Europeans, because they assimi- 
lated more readily with the aborigines 
than did the other traders. They lived 
together with and in the manner of the 
natives.** In view of the hostage system 
and the character of the Russian trader 
it is questionable if his presence had any- 
thing more than a destructive influence 
upon native social life and customs. 
'V^olesale miscegenation has taken place 
in Greenland, and it is difficult to find 
a pure-blooded Eskimo on the west coast. 
“The native women prefer the worst 
Dane to the best Greenlander and the 
half-breeds are the more eligible for 
their strain of white blood; illicit rela- 
tions with white men are rather a glory 
than a disgrace.” Race mixture is 
favored by the Danish government, but 
the mongrels resulting from these alli- 
ances do not appear noticeably superior 
to the native stock.** Among the Point 
Barrow Eskimo prostitution is carried to 
a shameless extent with the sailors of the 
whaling fleet by many women and is 
even considered a laudable thing by the 
husbands and fathers, who are always 
willing to receive the price of their 
wives' or daughters’ frailty.** The pur- 
ity of the race has steadily declined. 

UBaueroft, H. H., “Hiitory of the 
Btstae," ZZVm, 880-4, 800-1, 380. 

** Keller, A. O., ‘'Oolonisatlon,” p. 010. 

MMurdoeh, J., "The Point Barrow 
Bo," in 0th Annual B^rt, BA.E., (1887-8), 
pp. 410-80. 


That miscegenation has had a pro- 
found effect upon the social life of the 
American Indian is not open to doubt. 
The half-breed, flnding that the native 
race from whence he has sprung is 
undervalued or despised by his foreign 
parent, seeks to alienate himself from it 
and hastens to abjure its customs and 
prejudices and all community of feeling 
with those who belong to it. On the 
other hand, he is unable to adopt the 
ideas and assume the pretensions of 
Europeans and is constrained to take an 
intermediate station. In this position, 
uncontrolled by the usages or the habits 
of thought peculiar to either race, un- 
able to identify himself with the one 
and unwilling to align himself with the 
other, he becomes, as it were, negative 
in the scale of society, and remains a 
conspicuous example of one of the many 
ills which are entailed upon uncivilized 
nations by contact with races of superior 
culture.'* The half-breeds of northwest 
Canada class themselves as the equals of 
the whites and look patronizingly at the 
Indians.*' Humboldt was anything but 
enthusiastic over the results of the mix- 
ture of races in Mexico; the product is 
described as lazy, carefree and consider- 
ably below the mulatto in activity.** It 
may be accepted as a general rule that 
wherever Spain held sway in America 
the immigrant Spaniard held in con- 
tempt the creoles, and especially the 
mestizos, who formed the industrial ele- 
ment in the colonies; the mixed races 
felt superior to the native or Negro 
stocks from which they had sprung, and 
the Negro, with his superior strength 
and the favor of his master, treated the 
Indians with insolence and scorn. The 
different shades of color were classified 

**Howison, J., "Views of the Ooloniee," 11, 

880 . 

•TBeid, A. P., "Half-breed Baoee of N. W. 
Canada," in JA..I., IV, 48. 

MHnmboldt, A., de, '•'HenveUe-Bspagne," 
n, 87-8. 
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GAPS IN THE MONGOLIAN LIFE RECORD 

By Profeuor WILLIAM K. GREGORY 

AMEHICAN MUSEUM OF NATURAL HISTORY 


Part II 

The Third Asiatic Expedition has dis- 
covered in the rocks of Mongolia a 
splendid record of earth history and 
an equally wonderful record of the life 
of past ages. But the,^e records them- 
selves are far from being the whole 
story; in fact, their great value is that 
they supply certain parts of the story 
that are missing elsewhere and that 
they agree so closely with what has 
already been worked out in other parts 
of the world. If the story of earth 
history and the history of past life as 
generally accepted by scientists w^^re 
merely the first cnide attempts to formu- 
late the complexities of nature it would 
be found that after a great new world 
was discovered the older theories would 
collapse under the mass of new facts 
placed upon them. But in this case the 
newly discovered geological formations 
fit admirably into the geological column 
based on the record built up of compara- 
tive studies on all the great land masses 
of the world, while the new fossils cause 
only a widening of our outlook and no 
revolutionary upset of the existing classi- 
fication, 80 that the sciences of geog- 
raphy, geology and paleontology have 
stood well the pragmatic tests imposed 
by the discovery of. thousands of new 
facts. 

In order to show how the Mongolian 
records of past life fit ihto* the story as 
a whole, let us review briefly the general 
outline of the evolution of the vertebrate 
animals as it has been deciphered before 
the Third Asiatic Expedition began its 
explorations. 

It is not yet generally agreed how the 
vettebrateS) or backboned animals, arose, 
that is, from ivhat group of invertebrates 


they started upon the career that culmi- 
nates in the evolution of man. Mon- 
golia, like other land masses, has hitherto 
failed to yield the decisive evidence. 
The oldest flsh-like vertebrates so far 
known, which date back to the Ordo- 
vician of Colorado, already had obtained 
a whole series of ‘‘basic patents,’* or 
fundamental mechanical arrangements, 
which they transmitted to their remote 
descendants, the fishes and land-living 
vertebrates of later ages. They and 
their descendants of the Silurian and 
Devonian ages had already solved the 
problem of capturing food and energy 
from the environment with the aid of a 
complex apparatus for locomotion of the 
vertebrate type. For this object their 
bodies were built on streamline forms, 
they moved by the contraction of a 
series of ^ -shaped muscle segments 
placed on either side of a stiff elastic 
rod, the notochord, their sense organs 
and brains were already built up into 
a head of vertebrate type and they had 
pouches from the throat called gills for 
extracting oxygen from the water. 

By early Paleozoic times the primitive 
fishes had already adapted themselves for 
life in the inland waters of the great 
land masses. Some of them that lived 
in foul waters gradually took to gulping 
air from above the surface of the water 
and storing it in a special sack from 
the throat which eventually became a 
lung. Certain of these air-breathing 
fishes developed stout paddles, a pair 
behind the throat and another about the 
middle of the body, and these paddles 
correspond precisely to the two pairs of 
limbs that even men^ htms^ still pos- 
sesses. Some of the air 4 }reathing fishes 
with stout paddles struggled out of the 
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FIG. 1. GEOLOGICAL SEQUENCE OF THE 
ROCKS OF MONGOLIA 
The standard geolooical divisions are shown 

IN THE MIDDLE COLUMN, MONGOLIAN FORMATIONS 
IN THE RIGin’-HAND COLUMN (AFTER MORRIS). 


pools in the swamps where they lived 
and thus gave rise to the swarming 


amphibians of the oldest coal-measures. 
The eggs and young of these animals 
still passed through a fish-like, water- 
living stage of development, like the tad- 
poles of frogs and salamanders, but the 
adults had the form of four-legged ani- 
mals capable of crawling on the ground. 
Very early in the coal-measures time 
some of thl^se early amphibians succeeded 
in rearing their young completely on 
land, the fish-like stage being passed 
through within the egg, and thus the 
great class of reptiles arose. By the 
time of the Permian or close of the 
Paleozoic era the reptiles in turn had 
begun to divide into many branches, 
some of which later gave rise to the 
dinosaurs, marine reptiles, fiying reptiles 
and maramal-like reptiles of the “Age 
of Reptiles “ (Mesozoic era). 

The Age of Reptiles in Mongolia 

The rocks of the oldrock floor of the 
desert of Gobi are either of marine 
origin or are so thoroughly modified by 
mashing, heating and other processes 
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that they have so far yielded no part of 
the story thus briefly outlined. But 
above the oldrock floor the sedimentary 
strata are all of continental type and 
the record of vertebrate life bei^ins with 
the Cretaceous or last epoch of the 
Mesozoic, or Age of Reptiles. Although 
by this time the closing chapter of the 
history of the dinosaurs had been 
reached, Mongolia supplies some impor- 
tant pages in it. 

The American Museum fossil hunters 
in Mongolia arc constantly reminded of 
scenes familiar to them in the great 
fossil-bearing basins of the Rocky Moun- 
tains and Great Plains. We can imagine 
then the thrill that Mr. Walter Granger 
experienced when at the Red Mesa of 
the Oshih Basin in Western Mongolia he 
picked up a fossil tooth which he in- 
stantly recognized as establishing the 
former presence in Mongolia of gigantic 
amphibious dinosaurs akin to the Bron- 
tosaurus which he himself had excavated 
many years ago in Wyoming, the sixty- 
foot skeleton of which is now mounted 
in the American Mustuim in New York. 
And how exciting it was to find a similar 
tooth about two hundred yards away, 
then several badly weathered limb bones, 
and finally three miles away and on a 
somewhat higher level, a couple of gi- 
gantic vertebrae with several long ribs. 
And how tantalizing to Mr. Granger and 
his small party that the expedition must 
move on and that the ribs and vertebrae 
were too badly weathered and disinte- 
grated to be worth excavating and that 
there was not another scrap visible in 
the whole basin. But even the three 
teeth that were brought home to the 
American Museum aflforded some valu- 
able information to Professor Henry 
Fairfield Osborn, who described them. 
Somewhat spoon-shaped or spatulate, 
they differed only in minute del^ils of 
form from those of the lumbering giant 
named Camarasmrus from Colorado, 
Utah and Wyoming, and appeared in 
fact to represent a new genus of the 
same family. On the other hand, they 


differed considerably from the long 
pencil-like teeth of the slender-limbed, 
swan-necked Diplodocus, the companion 
of Camarasaurus and Brontosaurus in 
North America. 

Here then was a new and astonishing 
link between Mongolia and our own west. 
Did the giant long-necked amphibious 
dinosaurs originate in Mongolia and then 
spread by the Behring straits route to 
northwestern America, or did they first 
develop their peculiar habits and body 
form perhaps in Europe, where their 
representatives are known in equally old 
and much older formations, and then 
s])read to Asia, North America, South 
America, India and Australia? 

The ponderous Asiatosaurus, as Pro- 
fessor Osborn named this huge earth- 
shaking boast, was not allowed to wax 
fat in the land of plenty without having 
a relentless enemy to prevent him from 
possessing the earth. Ferocious flesh- 
eating dinosaurs, alert bipods with huge 
jaws and saw-edged teeth, like those of 
Megalosaurus of England or of the Alio- 
saurus of Wyoming, loft a couple of 
their teeth in the same beds with those 
of the Asiatosaurus. That these great 
flesh-eating dinosaurs did prey upon the 
amphibious dinosaurs or sauropods is in- 
dicated by the fact that in Wyoming 
some sauropod vertebrae w^ere found 
with tooth marks on them which seem to 
have been made by the teeth of Allo- 
saurus, the contemporary flesh-eating 
dinosaur. Here then was another link 
between Mongolia and Wyoming, the 
peculiar association of sauropods and 
carnivorous dinosaurs. 

In the same Red Mesa the bright eyes 
of Wong, Mr. Andrews^ Mongol chauf- 
feur, discovered one bf the most valuable 
fossil skeletons of the entire expedition. 
This was afterward named the parrot- 
beaked dinosaur {PsiUacosaurus) and 
was described by Professor Osborn. 
Although apparently adult the total 
length from snout to tail-tip was only 
about four feet, four inches. The skele- 
ton is now exhibited id the museum in 
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thotograph hy American JUuacum of Natural History 
FIG. 3. CAMAHASAUEDS SDPBEMVS 
AN American relative or Aaiatosaurm (after Osborn). 


approximately the same position in 
which it lay in the rock; but by means 
of a series of careful drawings of the 
individual bones it was possible to make 
an accurate reconstruction of the animal 
in a running position (Fig. 4). That 
it ran upon its hind legs is suggested 
not only by their much greater length 
as compared with the fore limbs but 
especially by the detailed anatomical 
characters of the pelvis, which is of the 
bird-like, bipedal type. 

Small, bipedal, beaked dinosaurs have 
been found in Wyoming in the same 
formation with the great sauropods and 
carnivorous dinosaurs ; but the Mon- 
golian Psitiocosaurus differs from its 
American and European relatives in the 
parrot-like form of the beak. Psiita- 
(‘osaurus was evidently herbivorous like 
his American and European relatives, 
since the cheek teeth formed a cutting 
and grinding surface suitable fof shear- 
ing tough vegetable tissue. The jaws 
and skull were very stout and the jaw 
muscles very i>owerful, in order to 
operate effectively the piercing beak and 
the shearing cheek teeth. Possibly the 
reptile fed on the somewhat pineapple- 
like fruits of the cycads. 

Interesting mechanical adaptations 
are seen in the jaws of Pfditac&saurus 
(Pig. 9, A) and of all other beaked dino- 


saurs, the upper and lower jaws acting 
somewliat like nutcrackers, since they are 
hinged both above and below. The beak 
acts like a pair of spring shears, with the 
power applied between the resistance 
and the fulcrum. The joint between the 
lower jaw and the supporting pillar of 
the upper jaw is below the level of the 
cheek teeth, whereas in more primitive 
reptiles this joint is in line with the 
^ cheek teeth. This arrangement is car- 
ried to an extreme in the later beaked 
dinosaurs. It not only gives an in- 
creased vertical space for the jaw mus- 
cles but makes it possible to increase 
the height of the cheek teeth, thus 
lengthening their period of usefulness, 
besides putting the lower teeth in an 
advantageous position to sweep across 
the upper teeth in an oblique or nearly 
vertical plane, in the cutting of tough 
food. 

The pelvis of this interesting reptile 
shows a peculiar combination of char- 
acters; for while its prepubis is short, 
simple and not expanded or plate-like, 
its backwardly directed true pubis al- 
ready shows the first stage in the secon- 
dary reduction or degeneration of the 
pubis, which culminates in its almost 
complete loss in the horned dinosaurs 
or ceratopsians. The opposite ischia are 
produced into a chann^, the upper sur- 
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face of which has been called the ^^egg 
chute. * * 

Ego-layers and Ego-stealers 

This brings us directly to the subject 
of dinosaur eggs, perhaps the most 
famous discovery of the Third Asiatic 
Expedition. Andrews has already told 
the story of the discovery of these eggs, 
but why do we feel so sure that they 
are the eggs of dinosaurs rather than 
of other reptiles or birds? First, these 
eggs have been pronounced by sevenil 
experts after careful examination to be 
different from the eggs of all known 
crocodiles, turtles, lizards and birds. 
Second, the eggs are very abundant in 
a formation from which seventy-odd 
fossil skulls or skeletons of a certain 
beaked dinosaur {Protoceratopa) liave 
been taken and in which other animals 
are quite rare. Third, the same forma- 
tion has yielded a whole series of growth 
stages of this same dinosaur Protocera- 
tops, some of the little skeletons being 
almost small enough to be newly hatched 
from the eggs. Fourth, some of the eggs 
contain partly ossified skeletons of the 
young animals and the appearance of the 


bone is quite like that of the smaller 
skeletons of ProtocercUops. Fifth, the 
microscopic structure of these eggshells, 
as reported by Professor Van Straelen, 
of Belgium, while strikingly different in 
details from those of nearly all known 
eggs, living or fossil, is fundamentally 
similar to that of the supposed dinosaur 
eggs from Rognac in southern France. 
Ilence it may be taken as sufficiently 
proved that the '‘dinosaur eggs’’ are 
truly eggs of dinosaurs and further that 
they belong to the beaked dinosaur 
known as Pr&toceratops. 

Now as to the remarkable animals that 
laid the eggs. The first discovered skull 
of the reptile now called Protoceraiops 
was found on the Kwei-hwa-ting trail, 
east of the Artsa Bogdo range, Mongolia. 
When sent home to the laboratory of the 
museum in New York the skull was still 
buried in the rock and no one knew 
what it was or had yet seen more than 
a small part of it. As the rock was 
gradually cleared off and the beak-like 
snout came into view our wonder in- 
creased, for at that time no other small 
reptile was known with a face like this 
one. When the. lower jaw came into 
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view we saw that it possessed a pre- 
dentary bone at the front and gradu- 
ally we realized that we were looking 
for the first time at an Asiatic repre- 
sentative, and probably an ancestor, of 
the great horned dinosaurs or ceratop- 
sians, which up to that time were known 
from numerous skulls and a few skele- 
tons from the Cretaceous, chiefly of 
Wyoming, Montana and Alberta. But 
our Mongolian specimen was a very 
small form with a skull about six inches 
long and no bony horns or outgrowths 
above the nose or eyes, while some of 
its gigantic American relatives had 
skulls six feet in length with great 
horns or bony outgrowths above the 
nose and eyes. Moreover, the back part 
of our specimen was broken and we 
did not know whether or not it pos- 
sessed a bony ‘*friir^ or shield, extend- 
ing upward, backward and outward over 
the neck. Nevertheless, the detailed evi- 
dence of relationship to the ceratopsian 
dinosaurs was so unmistakable that Mr. 
Granger and the present writer did not 
hesitate to baptize the little Mongolian 
skull as Protoceratops andrewmi/* the 
first of the horned dinosaur grouj), the 
species being named in honor of the 
leader who had opened up this great new 
world of past life. 

During the years 1923 and 1925, the 
Third Asiatic Expedition made a great 
collection of the remains of these dino- 
saurs, including some seventy-odd skulls 
and skeletons, many of which have since 
been worked out of the rock. In the sec- 


ond paper on Protoceratops, the present 
writer, in collaboration with Dr. Mook, 
showed how Protoceratops completely 
realizes the implications of Dollops in- 
ference that even the great horned dino- 
saurs were secondarily quadrupedal in 
posture, that is, that they had been 
derived from bipedal ancestors. For 
Protoceratops, while probably spending 
most of its time on all fours like the later 
ceratopsians, and while unmistakably 
foreshadowing the latter in many fea- 
tures, at the same time differs from them 
in retaining a series of peculiar char- 
acters in its skeleton which it has ap- 
parently inherited from bipedal ances- 
tors that in many ways resembled 
Psitta-cosaurus. For example, its hind 
limbs are much longer and larger than 
its fore limbs, the hind foot being nar- 
row and much longer than the fore foot, 
almost as it is in the bipedal Psittaco- 
saurus, while in the more advanced 
quadrupedal ceratopsians of later times 
the hind foot was much broader and 
little, if any, longer than the fore foot. 
Again, the tibia or shin bone is longer 
than the femur or thigh bone as in run- 
ning, beaked dinosaurs. The pelvis is 
more advanced than that of Psittaco- 
saM7'us in the greater lengthening of the 
ilium, further reduction of the back- 
wardly directed pubis, initial expansion 
of the prepubic process and slight down- 
ward curvature of the elongate rod-like 
ischia. These and other modifications of 
the pelvis indicate that Protoceratops at 
least spent more time supported on all 


FIG. 5. EVOLUTION OF THE PELVIS IN BIRB-LIKE DINOSAURS AND BIRDS 

Right side, tbont end or the pelvis toward right. A. Primitive pelvis of small lizard- 
like REPTILE (EuparJeeria capeiutis Broom) prom the TRiAissio or South Africa. B. Fossil 
REPTILE (Erythrosuchus, after pitooM) prom the Triassio op South Aprica, The pObis is 
beginning to grow downward' and slightly backward* C. Embryo bIrd (Apteryx, after 
Parker). The pubis is growing downward and backward in pwont op the obturator nerve 
(OVAL SPOT). A PRKPUmS IS present. D. JURASSIC BIRD (AFTER Abel). The 

PUBIS IS DtBEOTED BACKWARD. ThE PREPUDIS IS REPRESENTED BY A LOW HUMP IN FRONT OP THE 
SOCKET FOR THE FEMUR, E. SMALL BIRD-UKB DINOSAUR (hoomuruB DCBwrOf# MaRSH) SHOWING 
PUBIS PARALLEL TO isoHiiJM. Fhom THE JURASSIC OF WtoMing. F, Protigwknod<m mtmgoUense 
Osborn. The pubis is reduced to a slender rod. From the Lower Cretaceous op Mongolia. 
G. Protooerataps anArewsi. The pubis is repuopa) to a vestige, From the CBetacbous op 
Mongolia. H. Trujeratope prorme. The prepubis is greatly expanded. From the Upper 

Cretaceous of North America. 
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Photograph bp Amfirican Munevm of Natural ffistorp 
FIG. 0. DINOSAUB NEST 

Thirteen egos in block as mounted in the American Museum of Natural History. 


four legs and less time running on its 
hind legs than did its less modified 
neighbor Psittacosaurus, while the enor- 
mous size of the head and jaws in pro- 
portion to the size of the backbone and 
thorax, as well as other marked special- 
izations for the eating of herbivorous 
food, all give added reasons for the in- 
creased use of the quadnipedal posture 
and the gradual abandonment of bipedal 
running. Thus the Protoceratops was 
now getting big enough to stand and 
confront a hungry enemy, doubtless 
threatening him with his fierce beak, 
and no longer needed to turn and flee 
away on his hind legs. 

The skull of Protoceratops shows very 
pronounced modifications in the direc- 
tion of the later ceratopsians. In the 
very earliest reptiles the whole surface 
of the skull behind the eyes was formed 
by a continuous shell of bone whieh 
covered over the jaw muscles. But by 


the time of the oldest dinosaurs this 
formerly continuous temporal region 
had become perforated by two promi- 
nent openings called the upper and lower 
temporal fossae. Between these open- 
ings were left strengthened tracts or 
arches, an upper middle pair, the par- 
ietal crest, between the upper temporal 
openings, a second pair, the postorbital 
arches, above and behind the eyes, and 
lower pair, the jugal arches, just above 
the lower jaw. In such relatively primi- 
tive beaked dinosaurs as Fsitta>co8a4iru8 
the jaw muscles were of moderate size 
and the temporal arches did not extend 
much behind the joint between the up- 
per and lower jaws. But in Protocera- 
tops the jaws and jaw muscles had be- 
come very large and in so doing had 
pushed their supporting arches upward, 
backward and outward, so that the skull 
is prolonged in the rear into a great 
spreading crest or frill. Formerly it 
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was believed that this crest or frill, 
which is even further developed in the 
later cetHitopsian dinosaurs, was evolved 
for the protection of the neck, but the 
construction of this region in Protocera- 
tops plainly indicates that it functioned 
primarily as a scaffolding for greatly 
enlarged jaw muscles. 

Are we to conclude then that the 
homed dinosaurs (ceratopsians) ac- 
quired their special characters in Mon- 
golia and then spread via Manchuria 
and the Behring Straits or Aleutian 
Islands route into Alaslca and thence 
down to the Rocky Mountain region? 
We can not safely affirm this on the 
evidence afforded by any one type of 
animals, but we can affirm that there 
must have been some means of migra- 
tion either in one direction or another. 
Some years ago Mr. Barnum Brown, of 
the American Museum of Natural Ilis- 
tory of New York, discovered the frag- 


mentary skeleton of a small horned dino- 
saur in the Edmonton Cretaceous, Al- 
berta, which he clearly saw was distinct 
from the larger horned dinosaur and to 
which he gave the name Leptoceratops. 
it is now evident that Lepioceratvps is 
((uite nearly related to Protoceratops and 
that it represents a little-changed descen- 
dant of the latter in North America at 
a time when the typical ceratopsians 
had reached the summit of their period 
of specialization. Some paleontologists 
will undoubtedly take this fact to mean 
that the larger ccratopsiang were not 
desc^ended from Protoceratops but from 
some undiscovered stem form. However 
this may turn out, it is safe to predict 
that even if Protocerevtops be not the 
direct ancestor of the great homed dino- 
saurs, it was at least rather closely re- 
lated to that ancestor and shows us a 
stage in which the ceratopsians had just 
acquired secondary quadrupedal habits 



no. r. PBOTOCSBATOPS ANDJIKWBI TYPE 8KUI.L 
OauquK SIDE view. About two thuids natural size. 
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FIG. 9. THREE STRUCTURAL STAGES 


NOT IN DIRECT UNE Or SUCCESSION, ILLUSTRATING EVOI.UTION OF THE FRILL AND OF HORNS IN THE 
FRH^LED DINOSAURS. A. PsittaviMavriis mongolienaia (after Osborn). Skull WOTHout crest. 
From the Orbttaceous of Mongolia. B. Protooeratopa an^cwai Granger and Gregory. 
SkuUi with occipital crest. No horns. C. Triceratopa ^ro^ai^ Marsh. Skull with huge 
occipital crest and bony “ horns ABOVE EYES AND NOHK. 
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FIG. 10. THBEE. STRUCTURAL STAGES 

IN THE EVOLUTION OP THE occiiUTAL OREST IN DINOSAURS. A. PsittacoHaurus mongcUenjtiJi 
(AFTER Osborn). Crest incipient. B. Protooeratops andrewsi. Crest well developed. 
C. Triceratops crratua Marsh. Orest enormous. 


and an enlarged bony scaffolding for the 
jaw muscles. ^ 

Several other kinds of small dino- 
saurs inhabited the Gobi region in those 
far-off days of Protoceratops and left 
their skeletons to puzzle the paleontolo- 
gists that found them. One small light- 
limbed dinosaur skeleton was found 
buried in sand in close proximity to a 
nest of Protaceratops eggs and it was 
suggested that this dinosaur had been 
overtaken by a sandstorm in the very act 
of robbing the nest, but this idea has been 
gravely questioned by the geologists. 
Professor Osborn therefore named it 
Oviraptor philoceratops, signifying “egg 


seizer, fond of Protoceratops eggs,” but 
at the same time wanis us that this name 
may entirely mislead us as to the true 
feeding habits, which are difficult to in- 
fer with certainty. The skull is very pe- 
culiar, being a toothless derivative of an 
originally carnivorous type, with the 
stout jaws much shortened in front of 
the large eyes. Possibly the jaws were 
sheathed in a homy covering or beak. 
The animal, however, did not belong to 
the “beaked dinosaur group,” the skull 
being built upon a widely different plan, 
fundamentally similar to that of the 
small bird-like dinosaurs of North Amer- 
ica. The animal was a swift-running 
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biped with a very lonj? second finger on 
the hand, again recalling that of the 
American bird-like dinosaur Struthio- 
mimtis and raising one of the still un- 
solved problems as to the habits of these 
strangely bird -like dinosaurs. 

Another very small dinosaur has a 
very lightly built but well braced skull 
about seven inches long with long jaws 
armed with sharp cutting teeth. The 
claw of the first finger of its hand was 
very large and sliarp, like a falcon's 
claw, and the animal was doubtless a 
swift-running biped. It was named 
Velociraptor mongoliensis by Professor 
Osborn. In another small dinosaur, 
named by Professor Osborn Saurornu 
thordes mongoliensis^ the skull was so 
bird-like in appearance, except for the 
presence of teeth, that when found in 
the field it was thought to be a bird 
skull. These dinosaurs are far too late 
in geological time to be the true ances- 
tors of birds, but with their almost wing- 
like hands and lightly built skulls they 
merely parallel the actual ancestors of 
birds. 

Another reptile that was a neighbor 
of the Protoceraiops was a small croco- 
dilian defiKfril)ed by Dr, Mook, which ap- 


parently represents a new genus and 
species, possibly even a new family of 
this interesting order of reptiles. The 
crocodile order is the only existing one 
that is at all nearly related to the dino- 
saurs. Thus the popular idea that dino- 
saurs are giant lizards is true only in 
the widest sense. 

At Iren Dabasu in western Mongolia 
the explorers discovered the incomplete 
skeleton of a beaked dinosaur of the 
duck-billed group of North America. 
This skeleton is now being studied by 
Mr. Barnum Brown, of the American 
Museum of Natural History. In some 
respects it is related to some of the 
crested dinosaurs of the duck-billed 
group. In other respects it is peculiar. 

Thus all the dinosaur groups known 
from the Cretaceous of North America 
have representatives also in Mongolia, 
but none of the Mongolian forms appear 
to belong to exactly the same species as 
any hitherto-known dinosaurs of Europe 
or North America. It is too early to at- 
tempt a final appraisal of the faunal re- 
lations of Mongolia, but at least we may 
be sure that its extinct reptilian faunae 
had some vital connection of relationship 
and derivation with those of Europe and 
North America. 
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The American Association for the Ad- 
vancement of Science held its first meet- 
ing: in Philadelphia in 1848. The fifth 
meeting in that city, held during convo- 
cation week— usually the week in which 
New Year’s Day falls — was one of the 
most successful and largest in the his- 
tory of the aaoociation. Some forty sci- 
entific societies met in affiliation with the 
association; some l,50t) pa|>ers were in- 
cluded on the scientific programs, and 
the tot^l attendance was probably con- 
siderably in excess of five thousand. 

The meeting was held under the presi- 
dency of Dr. L. H. Bailey, eminent 
systematic botanist and editor of our 
most useful books of reference on culti- 
vated plants and rural life. Dr. Bailey 
was president of the International Con- 
gress of Plant Sciences, held last August 
in Ithaca, N. Y., and he holds the presi- 
dency of the Botanical Society of Amer- 
ica. The retiring president of the asso- 
ciation is this year Dr. Michael I. Pupin, 
of Columbia University, known to all sci- 
entific men for his research and inven- 
tions in eloc^tro-physics and to a wide 
public for his autobiography, ‘*Prom 
Immigrant to Inventor.’' Dr. Pupin de- 
livered the address of the retiring presi- 
dent on the evening of Monday, Decem- 
ber 27, at the opening of the meeting, the 
subject being '‘Fifty Years ^ Progress in 
Electrical Communication. ’ ’ 

Numerous other general sessions of the 
association and meetings of general in- 
terest were held during the week. The 


annual lecture before the Society of the 
Sigma Xi was given by Mr. Herbert 
Hoover, secretary of commerce, who 
spoke on "The Nation and Science.” 
Dr. George P. H. Nuttall, professor of 
biology in the University of Cambridge, 
gave an illustrated lecture on the Uni- 
versity of Cambridge, and Dr. J. H. 
Myres, professor of classical archeology 
at the University of Oxford, general sec- 
retary of the British Association, lec- 
tured on * ‘ Gex>graphic Conditions of An- 
cient Greek Culture.” Among the nu- 
merous sessions of general interest was 
one on research in colleges and profes- 
sional schools arranged by the Committee 
of One Hundred ; one on the relation of 
, science to education, under the auspices 
of the American Association ’s committee 
on this subject; one on hydrobiology; 
one on quantitative methods in biology ; 
one on growth in health and disease ; one 
on the biological aspects of medical prob- 
lems, and one on law enforcement. 

Dr. A. A. Noyes was elected president 
df the association, there being two other 
living chemists who have held this honor, 
Dr. Ira Remsen, president emeritus of 
the Johns Hopkins University, and Dr. 
Theodore W. Richards, professor of 
chemistry at Harvard University. Dr. 
Noyes has been director of the Gates 
Chemical Laboratory at the California 
Institute of Technology since 1920. 
Previous to that time he had been di- 
rector of the research laboratory of phyfin 
ical chemistry at the Massachusetts In- 
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DR. LIBERTY HYDE BAILEY AND. DE. MICHAEL I. PUPIN 
D». BaILET (who STANOB on the left) presided over the PHIIiADELPIIIA MEETING OF TBE 
American Association; the address of the bsttiring president was given by Dr. Pupin. 
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stitate of Technology, where he had also 
been for two years acting president. 

Dr. Noyes was born at Newburyport, 
Mass., in 1866. HLs education began at 
the Massachusetts Institute of Technol- 
ogy, where he received his bachelor’s 
degree in 1886 and his master’s degree a 
year later. He went to Germany for his 
Ph.D., which he received at Leipzig in 
1890. He holds honorary degrees from 
the University of Maine, Clark Univer- 
sity, the University of Pittsburgh, Har- 
vard University and Yale University. 

Dr. Noyes was long a member of the 
executive committee of the American 
Association; he represents the National 
Academy of Sciences upon the board of 
trustees of Science Service ; he was presi- 
dent of the American Chemical Society 
in 1904 and received its Willard Gibbs 
medal in 1915. The chemical reward i 
which has given Dr. Noyes distinction 
coveCvS a wide field, including the rare 
elements, thermodynamic chemistry, the 
ionic theory and class reactions for the 
identification of organic compounds. 

*‘The day of genius in the garret has 
passed, if it ever existed,” said Secre- 
tary Herbert Hoover in addressing the 
honorary scientific society Sigma Xi. 
Now-a-days, as he pointed out, ” dis- 
covery must be builded up(m a vast 
background of scientific knowledge, of 
liberal equipment. It is stifled where 
there is lack of staff to do the rou- 
tine, and valuable time must be de- 
voted to tending the baby or peeling 
potatoes or teaching your and my boys. 
The greatest discoveries of the future 
will be the product of organized researcdi 
free from the calamity of such distrac- 
tion. Yet the whole sum wo have avail- 
able to support pure science research is 
leas than ten million a year with prob- 
ably less than four thousand men en- 
gaged in it.” But in, the application of 
science to industry Ve are spending 
probably two hundred million with per- 
haps thirty thousand men engaged. Yet 


fundamental research in pure science is 
the basis of its applications. ^'Faraday 
in the pursuit of fundamental law dis- 
covered that energy could be trans- 
formed into electricity through induc- 
tion. It remained for Edison, Thomson, 
Ballc, Siemens and many score of others 
to bring forth the great line of inven- 
tions which applied this discovery from 
d 5 mamo to electric light, the electric rail- 
way, the telegraph, telephone and a 
thousand other uses which have brought 
such blessings to all humanity. It was 
Hertz who made the fundamental dis- 
covery that electric waves may traverse 
the ether. It was Marconi and De For- 
est who transformed this discovery into 
the radio industry. It was Becquorcl 
who discovered the radio activity of 
certain substances and Professor and 
Madame Curie who discovered and iso- 
lated radium. It was Dr. Kelly who ap- 
plied these discoveries to the healing art 
and to industrial service. It was Per- 
kins who discovered the colors in coal tar 
by-products. It was German industrial 
chemists who made the inventions which 
developed our modem dye industry. It 
was Pasteur who discovered that by the 
use of aniline dyes he could secure differ- 
entiation in colors of different cells, and 
this led to tlie discovery of bacilli and 
germs, and it was Koch and Ehrlich who 
developed from this fundamental discov- 
ery the treatment of disease by anti- 
toxins. ’ ’ 

Much of the peculiar quality of 
Greek civilization depends upon the in- 
teraction of the mountains and the sea ; 
much also depends on the composition 
and structure of the mountain masses 
themselves.” This was the main theme 
of the public address given by Dr. J. L. 
Myres, general itecretary of the British 
Association for the Advancement of Sci- 
ence. Ancient Greek culture developed 
in a region of half-submerged mountains 
forming an exceptionally complex type 
of scenery of islands, ^bays and promon- 
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tories. The Greeks had marble, copper, 
iron and gold, but almost no coal, and 
this permanent shortage of power in the 
Greek world has its reflection in Greek 
civilizatioin in the constant shortage of 
labor and the prevalence of slavery. 
Grains were precarious and the only se- 
cure cro|>8 were from deep-root trees like 
the vine and olive. '‘Under these condi- 
tions industrial activity was possible 
locally with the- two main industries — 
textiles based on the wool of the pastures 
and hardware of various kinds derived 
from the mineral resources of the old 
ciystalline iwks. In timas of danger 
from continental land powers the Aegcian 
settlements shrank to the sea-front of all 
promontories and in-shore islands. On 
the other hand, in time of danger from 
sea-pirates, the settlements withdrew 
from the sea on to high ground wherever 
possible. When sea piracy is eventually 
reduced in extent under new control of 
organized sea powers elsewhere, for ex- 
ample by Rome and by France and En- 
gland in modern times, the hill villages 
spread once more down to the sea coast, ' ’ 
Mathematics lies at the basis of all the 
other sciences and a science is regarded 
as becoming most scientific when it can 
be treated by mathematical methods. 
Astronomy and physics reached the 
mathematical stage first, chemistry is 
rapidly following suit and recently biol- 
ogy and psychology are making use of 
mathematics. On account of the funda- 
mental importance of mathematics any 
advances in this field are welcomed by 
investigators in every field of research. 
Consequently it is not surprising that 
the thousand-dollar prize oflfered for a 
notable contribution to the sessions of 
the American Association for the Ad- 
vancement of Science has been awarded 
this year to Professor G. D. Birkhoff, of 
Harvard University, for his presidential 
address before the American Mathemat- 
ical Society entitled “A Mathematical 
Critique of Some Physical Theories.'' 


Only professional mathematicians will 
understand its significance, so all that 
can be done here is to show what the 
paper is about and why it is considered 
important by experts. Geometr>^ was 
develoi)od into a perfect logical s^^stem 
by the Greeks and until the nineteenth 
centurj^ was taught exclusively as the 
last- work in this science. But recently 
it has been found possible to develop 
other sy.stems of geometry, equally con- 
sistent within themselves. This raised 
the question whether the Euclidean 
geometry or some of its newer rivals, the 
non-Euclidcan geometries, best fitted the 
world as it is. When Einstein ]>ointed 
out that the non-Euclidean geometry 
gave a better explanation of other phys- 
ical phenomena, mathematicians i)lunged 
into the new field with greater zest. 
Proft^or Birkhoflf has taken a step be- 
yond Einstein. He accepts the four di- 
mensional view of space and time em- 
bodied in the theory of relativity as 
"reasonably correct qualitatively’' but 
points out that no way has yet been 
found to account for all the lines of the 
spectrum of light, which are aKScribed to 
♦he frequency of vibration of various 
parts of the atom. The atom was for- 
merly regarded as simple, but is now-a- 
days regarded as composed of positive 
and negative electrical particles, called 
protons and electrons, the unlike bodies 
attracting and the like bodies repelling 
each other. But Professor Birkhoff 
proposes the use of a new type of elastic 
body and the "new assumption that the 
electrical forces between the charges on 
one and the same proton or electron are 
attractive instead of repulsive." The 
laws of space and time in the atomic do- 
main seem irreconcilable with the known 
statistical laws that can be directly veri- 
fied, but he hoped that "the mathema- 
ticians would develop various types of 
mathematical universes which might sub- 
sequently be of aid to the physicist." 

The universe may be infinite in extent^' 
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Dr. Heber D. Curtis, director of the 
Allegheny Observatory of the Univer- 
sity of Pittsburgh, pointed out in his 
address. Once it was believed, he said, 
that if the stars were uniformly dis- 
tributed throughout space without end, 
the night sky would appear continu- 
ously as bright as the sun, and that 
somewhere in this universe specxls of 
the bodies would be infinite, presumably 
an impossibility. The theory of rela- 
tivity supplied one answer to this by 
suggesting that the universe is a lim- 
ited amount of space, yet without any 
definite boundary, similar to the surface 
of a sphere, where a particle could 
travel indefinitely without ever coming 
to an end, but would also be in a defi- 
nitely limited amount of space. Accord- 
ing to Dr. Curtis, however, tbe universe 
could be infinite, and if the stars were 
not distributed uniformly, but in groups, 
the difficulties of a bright night sky, and 
of infinite speeds, w^ould not occur. 
This is the way the universe is actually 
constructed, he said, for our groups of 
stars, or galaxy, is a watch-shaped 
cluster, and outside its boundaries, scat- 
tered throughout space, are millions of 
spiral nebulae, which have been shown 
to be other galaxies of stars. 

Now that the atomic theory has been 
applied to light the next question is to 
determine the size of the individual 
atoms or quanta of w'hich a beam of 
light is thought to be composed. No one 
has yet found out how small they are, 
but E. O. Lawrence and J. W, Beams 
working at Yale have found how big 
they are not. They have invented a 
shutter of such almost incredible quick- 
ness as to cut a ray of light into seg- 
ments or pulses of only three inchejs in 
length, although light travels at the rate 
of 186,000 miles a second. Yet each of 
these flashes lasting less than a ten bil- 
lionth of a second is sufficient to register 
its effect upon their extremely sensitive 
photo-electric cell. So the unit of light, 


whatever it is, must be shorter than that. 

A new investigation of a radio death- 
force was reported to the American Asso- 
ciation for the Advancement of Science 
by Professor R. W. Wooil, of the Johns 
llopkins University, and A. L. Loomis, 
of Tuxedo, N. Y. They arranged two 
metal plates a couple of inches apart, 
and connected them with an electrical 
oscillator like the ones used in radio 
sending sets but much smaller. This 
drives info the plates an intense electric 
current, altf^rnating at the rate of ap- 
proximately one hundred million times 
a second, and giving rise to extremely 
short radio waves, about three meters 
long. A mouse placed between the 
plates, though not touching either one 
of them, was killed by the intense elec- 
tromagnetic field. It died in about half 
a minute, and its blood was found to be 
coagulated in its veins. A tost tube 
containing several insects was next tried. 
The insects were likewise quickly killed, 
and their bodies became dry and brittle. 
Professor Wood stated that the experi- 
ments were begun only recently and that 
the near future is likely to bring some 
startling results, but he pointed out em- 
phatically that a devastating death-ray 
to kill at great distances is^ not to be 
looked for from this apparatus. 

The direct measurement of the in- 
herent vitality of any kind of living 
being is the novel and ambitious under- 
taking of Professor Raymond Pearl, 
director of the Johns Hopkins Institute 
for Biological Research. He has applied 
his method to two widely different types 
of creatures, one in the animal and the 
other in the vegetable kingdom, the fruit- 
fly and the canteloup. He found the 
same distribution of individual differ- 
ences in the duration of life of the in- 
sects deprived of food and in the sprout- 
ing of the melon seeds also without ex- 
ternal nutrition. 

The sexes are distingui^ed through- 
out the animal and vegetable kingdom, 




PAST FlffiSIDENTS OF THE AMERICAN PSYCHOLOGICAL ASSOCIATION 
Thk photograph taken at the Philadelphia Meetting shows above, fkoh left to right. Professor Knight Dunlap, the Johns Hopkins 
Univeksitt; Professor Raymond Dodge, Yale University; Professor Lewis Terman, Stanford University ; Delow, from left to right, 
pRomsoR Joseph Jastrow, University of Wisconsin : Professor Carl E. Seashore, UNmiKSiTY or Iowa ; Peofessoe Howard Warren, 
Pbingeton University; Professor Margaret Floy Washburn, Vassar College; Professor B. S. Woodworth, Columbia Univeesity. 



THE PROGRESS OF SCIENCE 


189 


not only by form and function, but by 
the chemical composition of every drop 
of blood or sap. The test tube reaction 
proving this, devised by the Russian 
Manoilov, has been simplified and made 
more precise by Sophia Satina and A. P. 
Blakedcc, of the department of genetics 
of the Carnegie Institution of Washing- 
ton. The substances responsible for the 
reaction are siifiiciently stable toward 
heat so they may be identifi ibl(‘ and they 
appear to be sugars similar to glucose. 
The extent of difference between the 
sexes in the physiological processes so 
measured depends upon the stage of life. 
In the case of flowering plants the leaves 
collected three or four weeks after flow- 
ering are most easily distinguishable as 
to sex by such means while the leaves 
gathered in the midst of the flowering 
period are so much alike in this respect 
that they can not always be distin- 
guished by chemical means and indeed 
sometimes give the reaction of the op- 
posite sex. In the case of bread moulds, 
where the opposite sexes are impossible 
to determine except by this test, the 
greatest difference is shown in well-de- 
veloped culture of nine days old and is 
least apparent in older and younger. 
Dr. W. L. Aycock, of the Harvard Med- 
ical School, reported to the American 
Society of Bacteriologists that artificial 
immunization against infantile paralysis 
was accomplished in monkeys in about 
one third of the cases treated. Dr. 
Aycock and Dr. J. R. Kagan treated 
weakened strains of the causative virus 
with glycerine and carbolic acid in pre- 
paring the vaccines used. The immun- 
ized monkeys were able to withstand suc- 
cessfully injections of the active virus 
when the series of protective vaccination 
were completed. 

Diabetes may be due to infection by 
a virus too elusive to be discovered by 
the microscope. Thi$ Js the inference of 
experiments on the cause of this dread 
di^ase reported by Dr. D. H. Bergey, 


of the University of Pennsylvania. He 
has found it possible to induce the dis- 
ease by injecting rabbits with urine from 
a diabetic patient after filtering it 
through porous porcelain. This would 
indicate that diabetes belongs to that 
class of diseases caused by infection with 
a germ or virus so extremely minute that 
it can not be discerned with the most 
powerful microscope or caught by the 
finest filter. Yet Dr. Bergey shows that 
the diabetes virus can be cultivated and 
developed on serum broth when air is 
excluded, and after fifty -six hours is 
more potent than before in infecting 
rabbits. The discovery of this method 
of handling the causative agent of this 
mysterious malady promises to lead to 
methods of counteracting it or prevent- 
ing its spread. Diabetes is one of the 
diseases which continues to increase in 
spite of the success of experimental medi- 
cine in other fields. The death rate from 
this disease more than doubled in the 
twenty-four years preceding 1923. In- 
jections of insulin, the missing hormone, 
may prolong life indefinitely but neither 
the cause nor the cure has so far been 
discovered. 

Dr. AleS Hrdli(5ka, president of the 
American Anthropological Association, 
subjected to sharp criticism the frequent 
reports appearing in the newspapers of 
finds of the remains of fossil man in 
America. The stories of the discovery 
of bones of prehistoric dwarfs or giants 
are obviously absurd and even the most 
plausible of such announcements lack 
substantial foundation. The sensational 
report by a curator of a western museum 
of rock carvings of man in company with 
extinct lizards and elephants was wholly 
erroneous. The row of teeth found in a 
slab df haM rOck of Eocene Age and 
pronounced by one of the foremost den- 
tal journals to be human was found on 
closer scrutiny to be those of an ancient 
horse . There is no decisive evidence of 
the existence of man in America as early 
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as the Glacial epoch or even of the ar- 
rival of any mtni, except the Indian and 
Eskimo, coming from other continents 
before Columbus. 

Settlements of the men of the Old 
Stone Age found in southwestern Siberia 
were reported by Waldemar Jochelson, 
professor of ethnology at Leningrad Ihii- 
versity, now in the United States writing 
a book on the archeology of Kamchatka 
for the Carnegie Institution of Washing- 
ton. He believes that in Manchuria, 
Mongolia and Siberia, the late Stone Age 
passed directly over into the Iron Age 
without passing through the Bronze Age 
which intervenes in western Europe. 

Boys in Boston are taller than they 
were fifty years ago. Dr. Horace Gray, 
of the Chicago Institute for Juvenile Re- 
search, reported a comparison of the 
heights of boys of American-born parent- 
age from six to eighteen years old mea- 
sured by Bowditch a half century ago 
with those of the same age and parentage 
now, and he finds that in every year the 
modem boys are taller than those of the 
earlier generation. The gain in height 
varies with the age from 2.4 to 3.8 inches, 
averaging 3.2 inches. Dr. Gray ascribes 
the gain chiefly to progress in control of 
infantile diseases which so frequently 
damage growth and to knowledge of 
vitamins, sunlight and rickets with con- 
sequent bettor nurture. 

Tlie slight artistic deviations from the 
regular that bring beauty in music can 
lx> measured and chartc<l by a phono- 
pliotographic method of music notation 
devi.sed by Dr. Carl E. Seashore, of the 
University of Iowa, and demonstrated 
before the association. Ordinary notes 
are crude and inaccurate compared with 
Dr, Seashore ’s mechanically recorded 
curves that measure the tendcrest emo- 
tion in music or speech. Even differ- 
ences in mood of the singers are rigidly 
recorded by Dr. Seashore’s charting of 
the actual sound waves, and collectors 


arc using his method in recording primi- 
tive music for posterity. 

Action in defense of freedom of speak- 
ing against governmental interference 
was taken at the American Association 
of University Professors meeting in 
affiliation with the American Association 
for the Advancement of Science. The 
report on Freedom of Teaching in Sci- 
ence” by Professor S. J. Holmes, of the 
University of California, excited a lively 
discussion as to the best method of re- 
sisting such encroachments upon the 
rights of the teaching profession. Atten- 
tion was called to the fact that in seven- 
teen states bills will be presented to the 
legislatures this year similar to the North 
Dakota bill which provides that no theo- 
ries shall be taught contrary to the bib- 
lical statements of the origin of man. 

The association passed a resolution 
presented by Professor A. A. Lovejoy, of 
Johns Hopkins University, authorizing 
the Council of the American Association 
of University Professors and inviting 
other interested agencies to form an asso- 
ciation for the maintenance of freedom 
of teaching in science. This organiza- 
tion would do all in its power to educate 
the public as to the danger of letting 
state legislatures restrain the teaching of 
the sciences and strive for a clean-cut 
division between church and state in this 
matter. The association also voted for 
an investigation of the legality of the 
action of the Texas State Text-book Com- 
mission in striking out ‘ ‘ evolution ’ ’ from 
the school books. 


CoRRKCiTTON; In the article on ''The Passing 
of the Professor'' published in the January 
issue of The SciENTiric Monthly, it was in- 
correctly stated that the Reverend William Sun- 
day had been created a doctor of divinity by 
the XTnivorsity of Pennsylvania." The Institu- 
tion that conferred the degree on Mr. Sunday 
was Westminster College, Pennsylvania. The 
error may have been caused by widespread pub- 
licity given some years ago to an address by 
Mr. Sunday at the University of Pennsylvania. 
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THE CONTRIBUTION OF SCIENCE TO 
THE WELFARE OF THE NATION’ 

INTRODUCTION BY THE CHAIRMAN 

By Dr. JOHN M. COULTEK 
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Onb of the most outstanding features 
of the sesqui'Centennial period we are 
celebrating is the progress of science. 
In fact, during that period, it has 
revolutionized our civilization as to its 
methods and 'bpportunities, as well as 
advancing our knowledge of the wonder- 
ful processes of nature. It is very fit- 
ting, therefore, to recognize this fact by 
arranging this symposium. 

In the advance of science, it has be- 
come differentiated into so many sepa- 
rate fields of activity that it is impossible 
to indude them all in a single program. 
We are beginning to realize, however, 
that what we call “science" is a great 
synthesis, all phases working together 
to produce the results. Formerly we 
worked in separate compartments, but 
now the partitions have been broken 
down, and our work is becoming more 
and more interlocking. In other words, 
science is becoming more like the work 
of an army than of independent scouts. 
There mnst tw seonts, but the army fol- 
lows. 

> PregsMci pMipMMii for a nsetiiig iiadw the 
sa^iMs M ft* AaMrlBsm iMiMhitUtt for th* 
adfiaaftftBt of SekBM ft eOlebraft ft* oa* 
hndftil m aitioft siimhmur ft* elfdeg 
of ft* DoftiMilfta of ZadqpanftBe*' at ft* 


Speaking very briefly of my own sub- 
ject, botany, I wish to call attention to 
its progress and to the great public 
service it can render. During the early 
part of our sesqui-centennial period, the 
only study of plants was their clamifl- 
cation, redly a cataloguing of our plant 
material. Now we And it is essential 
for the discovery of plants available for 
use, for food, for manufactures, for 
sources of important drugs, oils, resins 
and other materials. In other words, it 
is the kind of work that discovers our 
natural resources, like the discovery of 
valuable mines. 

The second phase of botany which de- 
veloped was the study of plant structure, 
to its minutest detail. We now find 
that knowledge of plant structure is 
needed by many industries, as illustrated 
during the great war, wW it was ap- 
plied to the production of e^peiveB and 
to the timber used in atooidanes. This 
ip a good illustration of the interlodcing 
of pure scienee and applied Mence. 

Later, botanists began the inyestiga- 
tion of how planft hire and woA- 

(dmmistty, to pbinta^^^^ 

what plants get from the pdr and solL 

It will be sg^nreetat^ at eftee that su^ 
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knowledge is fundamental in effective 
crop production. This work has cer- 
tainly been an important factor in the 
revolution of our agriculture. 

The next phase of botanical work was 
the study of plants in relation to their 
environment. What were called plant 
communities began to be recognized, 
which means that plants do not grow 
at random, but are associated in definite 
community groups. These groups were 
found to be the best indicators of soil 
conditions, and the practical application 
was to use these plant communities as 
crop indicators, that is, as indicating the 
kind of crop that would bring the largest 
return under these conditions. In fact, 
no phase of botanical progress has been 
without its important practical applica- 
tion. 

Growing out of the previous phases 
of work, attention was drawn to the 
problem of forestry, an increasingly im- 
portant problem as population increases 
and demands upon forests begin to ex- 
ceed the supply. The problem was how 
to secure a perennial forest crop rather 
than to destroy this essential crop. 

Next it began to be discovered that 
with all our developed knowledge of the 
value of plants and the effective method 
of their production, they were frequently 
attacked by destructive diseases, which 
neutralized all the other efforts. To 
meet this situation plant pathology be- 
gan its career, and the result has been 
not only success in checking the ravages 
of disease, but in many cases the discov- 
ery and development of disease-resistant 
races of important crop plants. 

Finally, the study of inheritance be- 
gan to develop and has grown in a 
remarkable way. It began as very pure 
science, with no suggestion as to any 
practical service, but now it is being 
applied to the improvement of old crop 
plants, the securing of new crop plants, 
the development of drought resistant 
races, and the development of disease 
resistant races. 


This bare outline of the progress and 
service of botany illustrates the situation 
in all the sciences. There is one fact, 
however, that we should always empha- 
size. This progress has not been due to 
the study of practice, for the study of 
practice alone is sterile. It heus been due 
to the fundamental research which has 
advanced our knowledge, and inciden- 
tally this knowledge has suggested new 
practice. In other words, our increasing 
service, through better practice, is only 
a by-product of fundamental research. 
Even our present knowledge is relatively 
superficial, and the deeper we delve into 
research, the wider is the superficial ap- 
plication of our results. The fact is 
that men engaged in fundamental re- 
search are stimulated by knowledge for 
its own sake, and not by its possible use- 
fulness. Knowledge, however, is essen- 
tial to service, so that our progress in 
science, which may be likened to the 
exploration of an unknown continent, 
opens up new fields for cultivation. 
The spirit of the explorer leads him 
continually into new territory, and as 
he opens it up he leaves it to the prac- 
tical farmer to cultivate. 

There are three conspicuous tenden- 
cies in botanical research to-day, which 
will help us to forecast the future of 
research. 

(1) The first tendency is to attack 
problems that underlie some important 
practice. This tendency was stimulated 
by the great war, for at that time botany 
was called upon to solve many impor- 
tant practical problems. This tendency 
is so strong at present that I do not be- 
lieve it will ever subside, but it should 
be understood. There is no evidence 
that it is tending to diminish research 
whose whole purpose is exploration of 
the unknown ; but our recent experience 
has shown us that many important prac- 
tices suggest fundamental problems ot 
pure research. 

(2) The second tendency is an in- . 
creasing realization of the fact that bo- 
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tanical problems are very complex, and 
must be attacked from several points of 
view. For example, in former days, 
in plant morphology we described struc- 
tures, with no knowledge of their func- 
tions. Plant physiologists, on the other 
hand, described functions, with no ade- 
quate knowledge of the structures in- 
volved, Ecologists often described re- 
sponses, with no adequate knowledge of 
either structure or function. This is 
all changing, and around each bit of 
investigation there is developing a per- 
spective of other points of view and 
other methods of attack. 

(3) A third tendency, which seems 
to me to be the most significant one, is 
the growing recognition of the fact that 
structures are not fixed to their last 
detail. Once, in morphology, in record- 


ing the facts of the development of an 
embryo from an egg, every cell-division 
was recorded, and also the plane of 
every division. It is becoming evident 
now that many of the recorded details 
were not significant, and we are having 
to distinguish those that are relatively 
fixed from those that are variables. 

In conclusion, speaking for science as 
a whole, its present ideals may be sum- 
marized as follows: (1) to understand 
nature, that the boundary of human 
knowledge may be extended, and man 
may live in an ever-widening perspec- 
tive; (2) to apply this knowledge to the 
service of man, that his life may be fuller 
of opportunity; and (3) to use the 
method of science in training man, so 
that he may solve his problems and not 
be their victim. 


THE CONTRIBUTION OF BIOLOGY AND 
ITS APPLICATIONS 


By Profetaor C. E. McCLUNG 

UmVKMITT or FCNN8YliVA.NIA 


This is en age when all things are 
questioned. It is not inappropriate, 
^erefore, for us to pause as we celebrate 
160 years of our country’s history to in- 
quire what contributions science has 
made to progress during this time. One 
hundred and fifty years — ^what is such 
a period projected against the earth’s 
history t How small a space of time, in- 
deed, compared to the millennia of 
human existence! If extent only were 
a measure of value, surely we would 
have slight occasion to consider the years 
1776-1926. But other criteria are more 
compelling, and, we believe> more valu- 
able. Not actual but comparative time 
seems a better basis of judgment. To 
the biologist the measure of success in 
living is the accuracy with which o^n- 
isms fit themselveB into their environ- 
ment. How thoroughly have they taken 


conditions and turned them to their ad- 
vantage f In lower forms of life this 
means only survival To man it signifies 
not only taking advantage of things as 
they are, but of shaping and directing 
these and creating new conditions and 
circumstances for his welfare. 

The value of any period of time, there* 
fore, finds its best measure in the degree 
of progress made in the control over nat- 
ural conditions. For lower organisms 
adaptations are of infinite variety, but it 
is noted clearly that as complexity in- 
creases and we come to so-called higher 
forms, brain power is the measure of 
successful relations to environment. Be- 
cause man possesses this in such an out- 
standing degree he has eome, defq)ite 
relative physical weakness, to a large 
command over all other creatures. Like- 
wise, he has acquired scnne measure of 
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cpntpol over the physical conditions of 
existence. As between various groups of 
men, here, also, the mark of successful 
competition is in the exhibition of intel- 
ligence. When, eventually, destructive 
competition between races and individu- 
als is replaced by a competition which 
includes cooperation, directed towards 
success in the common conquest of ma- 
terial existence, then an understanding 
of natural conditions and of human ca- 
pacity and its utilization for the ad- 
vancement cf a comprehended cosmic 
plan will proceed with accelerated speed. 
The past 150 years have more than 
equalled the centuries before in such de- 
velopment — another such period at the 
present rate might reduce even the 
wonderful century to insignificance 
by comparison. 

What, after all, is the measure of 
success in living f Is is personal well- 
being and happiness; is it merely be- 
ing good and refraining from evil; or 
does it consist in some positive, con- 
structive action? Even now it is con- 
sidered necessary to render some form 
of service in order to be really suc- 
cessful, and this idea has been found 
not only worthy, but even immediately 
profitable. To most people, however, 
this idea of service is of some action 
which will benefit those about us. It is 
largely of the present and not of the 
future. Almost alone among construc- 
tive thinkers the scientist plans in terms 
of cosmic development. To him the past 
is of interest only as it is significant for 
the future. The world of to-day is not 
a static sphere upon which he prepares 
for an uncertain personal future, but 
rather a possibly comprehensible field 
of action upon which he plays a real con- 
structive part. Always this part has 
been visioned more or less dimly by the 
world ^s great men, but only in these 
days, as a knowledge of the universe 
deepens and its infinite scope is revealed 
more clearly, does it begin to appear in 
what manner we are involved. And 


although in these 150 years we have 
traveled further than in all the mil- 
lennia before in the comprehension of 
the realities of existence, as yet not much 
more than the method of progress has 
been revealed. Not by looking within, 
but by searching without, does revela- 
tion come. The scientific method, so old 
and yet so new, is the key which opens 
the doors of understanding. To us these 
doors now seem many, but the key is one, 
and the conviction grows that the final 
door that marks the convergence of all 
the paths which now pass through the 
portals marked ‘‘Physics,'" “Chem- 
istry" and “Biology," and perhaps 
through others that we know not of, or 
do not now recognize, is leading to the 
final portal of “Science." Though the 
door to infinity be visioned as one, it, 
also, bears now many names. Those who 
seek by other keys than the scientific 
method to unloose the barriers to under- 
standing do not see the name of science 
above the final goal But the aspect of 
the thing matters not if we but regard 
the proper reality. My old friend, the 
good Kansas poet, Carruth, well phrases 
the matter in the poem ‘ ‘ Each in his own 
tongue": 

A Are’DiiBt and a planet, a crystal and a cdl, 
A jelly-fish and a saurian, and caves where cave 
men dwell, 

And a sense of law and beauty, and a face 
turned from the clod, 

Some call it Evolution, and others call it God. 

Without, therefore, making odious 
comparisons, but only in the interests of 
clear thinking and purposeful actioUt 
we must realize that what we see de- 
pends upon the direction in which we 
look and that the picture is colored by 
the glass through which we regard it 
The beetling cliffs, the pounding waveSi 
the scudding clouds, arouse the emotions 
of the artist and he pictures on the can- 
vas his feelings regarding the etemftl 
conflict between the inertia of the solid 
rock and the constant attrition of the' 
flowing, streaming water. The scientiit 
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loiks upon the same scene and his im- 
agination reaches out also and he visions 
the moans by which it has taken form 
and, in the light of this revelation, he 
looks into the future and tells us what 
wfll happen as the years pass. There is 
XMI conflict between the visions of the 
artist and of the scientist. They are re- 
fleetions of the same realities from two 
types of mind; from one a sense of 
beauty,'' from the other a ''sense of 
law." 

If we would order our lives wisely, 
therefore, we must take thought of these 
differences and use each contribution in 
ita place. To-day, accordingly, we will 
inquire. What is the character of the 
service to the common good rendered by 
the scientist f Here the poet has sup- 
]>lied the answer in the phrase "a sense 
of law." This it seems to me is the out- 
standing contribution of science. In 
place of chance, we see the earth in the 
light of laws which permit not only an 
understanding of what has gone before, 
but also enable us to vision the future. 
These laws we feel, not only in our com- 
mon relations with environment, but we 
see them holding everywhere. There is 
alrrays a sense of the inevitableness of a 
given effect from the same cause. The 
aa^ronomer, looking through the tele- 
8U9pe at distant worlds, finds the same 
<^mical elements producing the same ef- 
fects upon the physical instruments with 
wldch he measures chemical action. In 
all^ this scheme of reasonable law, man 
flUris himself as the only creature capa- 
bto of apprecitaing it and taking part 
ia it As his knowledge increases, more 
aiid more it becomes possible for him to 
ei^rcise control (at present largely only 
matters of detail) but with the es- 
tuiblishment of more comprehensive and 
Hir-reaching laws, control will become 
Ulster. As an instance of this it has 
stated that an understanding of the 
method by which atomic energy operates 
make available the command of 


energies so great that even disruption of 
the entire earth would be possible. 

One outstanding lesson in our progress 
so far is that the scientific method pro- 
vides the best means for determining 
conditions of existence and of providing 
the means for meeting them. To the 
final end of such understanding all divi- 
sions of science contribute, and it is not 
well to emphasize the service of one 
above the others. To-day one makes the 
chief contributions; to-morrow another. 
Each supports and contributes to the 
rest. Therefore, when I speak of the 
contributions of biology I do so not in 
an invidious way but merely to indicate 
how that portion of the general subject 
of science contributes to the common 
achievement. 

It is desired in this symposium to indi- 
cate in what manner the applications of 
biology have been of value to the nation 
since its establishment. If I might very 
briefiy indicate some of the valuable ap- 
plications I would select three as the 
most outstanding. I believe it may be 
truly said that, consequent upon the re- 
sults obtained from biological study, we 
live a longer life, a fuller life and a 
more purposeful one. 

It may be well to examine a little bit 
in detail the basis for this opinion. Ac- 
cording to the best information that 
statisticians can give us, the average ex- 
pectation of life has been raised since 
1855 from fifty to fifty-eight years, and, 
although the figures are not so exact for 
the preceding period, there was an in- 
crease of approximately five years from 
1789-1856. This does not mean that the 
capacity for living has been increased, 
but only that the conditions have been 
made so much more favorable that at 
birth the average expectation has been 
to this degree increased. Cmnpared, for 
instance, with the expectation of life in 
some of the less favored countries, the 
information is that these fifty-eight 
years lying before the average American 
in Britidi India would be reduced to 
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22.6 years. In addition to what has been 
accomplished it is definitely stated by 
competent authority that if we should 
take advantage of present knowledge 
and make rigid application of it, the 
average expectation could be increased 
ten years. Here we have a clear demon- 
stration of the fact that biological knowl- 
edge has made a longer life possible. 

The results so far obtained do not in- 
dicate, in any large degree at least, a 
change in the cnaracter of the human 
material, but only in the possibility for 
its development — there yet remains the 
probability of actually changing its qual- 
ity. It has been found feasible in the 
study of lower organisms, even with 
present knowledge, by genetical means 
to alter the inherent character of living 
material so that it actually exhibits a 
longer individual life. What has been 
done with these lower forms certainly 
can be accomplished with man when 
knowledge is increased, and, in particu- 
lar, when a definite purpose lies before 
us. It was formerly the case that during 
the first year of life more than half of 
the children bom would die. Quite 
aside from the human element involved 
there is here, of course, a tremendous 
material loss. It is more and more ap- 
parent that the individual has a social 
value and that a system of society which 
does not include an evaluation of this 
and fails to adapt its processes to the 
conservation of individual life is lack- 
ing in a fundamental attribute of suc- 
cess. At present social organization 
proceeds blindly without any apprecia- 
tion of the value of the individual hu- 
man life or of conditions which make it 
of the greatest group value. It would 
seem quite obvious that, with a given 
number of individuals living half again 
as long a time, their contribution to the 
social structure would be correspond- 
ingly increased. We may reasonably ex- 
pect, then, that one of the contributions 
of biology will be a real prolongation of 
the individual human life as well as the 


improvement of the prospects of its oODr- 
tinuance. 

When we speak of the individual liv- 
ing a fuller life, the meaning would de- 
pend upon the point of view. I think, 
however, it may reasonably be said that 
by reducing natural phenomena to 
operations under given laws there has 
been removed much of the handicap 
which prevailed during periods when 
superstition largely took the place of 
understanding. At the present time the 
individual may proceed about his daily 
tasks quite undeterred by thoughts of 
vindictive demons or other taboos. 
There is a certainty about the conditions 
under which we live because we are 
largely freed from fears and inhibitions 
which come from ignorance. Perhaps 
one of the most outstanding eyidenoes 
of this is the better understanding of the 
causes of disease. In former times when 
plagues swept over the world, often re- 
moving half of the population, there was 
no understanding of the cause of the 
visitation. Even in the most highly de- 
veloped of intellectual states, that of 
Greece, at the time of the great plague, 
superstition and fear dictated all thought 
and action. When it became known that 
microscopic organisms, having definite 
life cycles and susceptible of attack, 
are the causes of disease, at once one of 
the outstanding uncertainties of life wae 
largely minimized. It is true that we 
have much to learn even in this field, bat 
the principles are known and the meth- 
ods are at hand by which this greater 
understanding may be reached, and it isi 
only a question of time, and that prob- 
ably a very brief one, when most of the 
common infectious diseases will be ban- 
ished from the world. From the earliest 
times a fear of disease and death baa 
been one of the severest handicaps to 
purposeful action. In savage states tho 
individual bom into the world with # 
physical handicap is almost hopeleanilf 
started in life. With even our premM 
improved methods of treating defomii- 
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tm and injuries, the person who is only 
physically disabled may look forward to 
a worthy and helpful life. Especially is 
this true in the case of children, where 
in many cases what would formerly have 
been a hopeless deformity is only an un- 
pleasant incident in their lives. 

Civilized countries now rarely face the 
prospect of severe famine. A knowledge 
of the plant and animal life has made 
possible the control of food conditions to 
such a degree that only very exception- 
ally does it become necessary to consider 
the prospect of food scarcity. Not only 
are the amounts of foods greatly in- 
creased through better methods of cul- 
ture, but the qualities of these have been 
much improved. Also by proper genet- 
ical practice, entirely new forms of food 
products have been originated. From 
these and many other circumstances I 
think it may be truly said that biology 
has made a fuller life possible by the re- 
moval of both mental and physical 
handicaps. 

But how shall we say that biology by 
its contributions has made a more pur- 
poseful life possible? Of all scientists, 
the biologist is most constantly con- 
fronted by the evidences of purpose in 
nature. No structure that he may find 
in plant or animal has significance ex- 
cept in terms of purpose. Upon the ex- 
amination of a new structure, the first 
question that the biologist asks of him- 
self is, What is the purpose of this ? and 
(Hily by answering this question can he 
ochm to an understanding of the pres- 
ence of the unfamiliar structural condi- 
tioiL It is often held as a reproach to 
biology that its philosophy is so defi- 
nitely teleological. But the facts must 
be fOced, and the facts are that living 
things are explainable only in terms of 
purpose. If the structural conditions 
shown in aU organisms are constant evi- 
deness of purpose^ then most certainly 
their existence, and the existence of all 
osgeaiisms, is an evidence of larger pur- 
poea It is unthinkable to the biologist 


that any living thing can exist and carry 
on its functions and depart from the 
earth without some definite accomplish- 
ment, and since in their individual struc- 
ture and behavior the evidences of pur- 
pose are so manifest, then it can not be 
otherwise than that their presence is a 
part of a larger purpose which as yet re- 
mains without understanding. I should 
be inclined to say, therefore, that how- 
ever valuable the contribution of biology 
has been to material existence, the dem- 
onstration which is so universally appar- 
ent in all its subdivisions, of an un- 
derlying plan, forms the basis for a 
philosophy of existence which has a very 
definite and demonstrable foundation. 
It is not a question of what one feels 
should be the circumstances of existence, 
but rather the demonstration of what 
these circumstances actually are. If the 
biologist is correct, each individual finds 
himself, therefore, with the basis for be- 
lief that hi.s presence is a part of a large 
and even cosmic plan, in which, with suf- 
ficient knowledge, he can play a very 
much greater part than is now possible. 

Tlirough very extensive studies of liv- 
ing things, something over a half a cen- 
tury ago Darwin was able to place, with 
some degree of success, the age-long 
theory of evolution upon a basis of ob- 
served facts. The central feature of the 
evolutionary theory is that organisms 
are plastic in their nature and are con- 
stantly undergoing change. By observ- 
ing the results of these operations it is 
noted that there has b^n formed a 
graded scale in degree of oomplexity 
from the very simplest to the most com- 
plicated forms. Paralleling this present 
complexity is a historical perspective 
which shows the simpler forms in the 
earlier periods of the earth history and 
the more complicated at the present 
time. There have been millions and mil- 
lions of these different kinds of organ- 
isms, many of which have completely 
disappeared. There are only two ways 
of accounting for this divei^ty; one is 
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that there prevails a continuous series, 
grading one part into the other progres- 
sively; the other is that each of these 
multitudinous kinds has been especially 
created as such and remains without 
change. There are no two opinions 
amongst biologists as between these 
possibilities. 

An almost convincing demonstration 
of the evolutionary principle has en- 
tirely altered the philosophy of the 
whole world, whether appreciated by the 
individual or not. The whole texture of 


scientific thought is permeated by this 
conception of the relation of elementi ln 
the time series. It is by far the moit 
hopeful philosophy that could be «Wl- 
ceived, because always there is the postti- 
bility of change, and the history of the 
past has shown that this change is slowly 
but progressively towards greater per- 
fection and beauty. If biology has «n- 
dered no other service to society than the 
establishment of such a philosophy ef 
hope for development in the future, it 
would have served well. 


SCIENCE, THE DECLARATION, DEMOCRACY 

By Dr. J. McKEEN CATTELL 

rORMEEtLT PROFESSOR OF PSYCHOLOGY IN THE UNIVERSITY OF PENNSYLVANIA 
AND COLUMBIA UNIVERSITY 


Jefferson and Franklin were men of 
science as well as leaders of a revolution. 
Five of the fifty-six signers of the Dec- 
laration were physicians ; one was a 
surveyor or engineer, as was Washing- 
ton ; others had scientific interests. 
More significant for the relations of 
science to the progress of democracy is 
the circumstance that our revolution, 
followed by the French revolution, was 
synchronous with the industrial revolu- 
tion, which was caused by the applica- 
tions of science. In legendary lore little 
James Watt may have watched the 
steam escaping from the teakettle on the 
same day that little George Washington 
cut down the cherry-tree. However that 
may be, Watt patented his steam engine 
in 1769 and it was first put to use by 
pumping the coal mines of Cornwall 
about 1776. We can celebrate here 
equally the anniversary of the political 
revolution that separated us from En- 
gland and of the industrial revolution 
that began in that country. If we look 
about us at the buildings and exhibits 
of this exposition and then try to pic- 
ture what happens in Harrisburg, 
Washington and Geneva, we can com- 


pare the extent to which each revolotioii 
has accomplished its objects. 

The industrial revolution, begimuag 
with the exploitation by machinery of 
the coal and iron of England, has not 
only given us our material civilization, 
it has also laid the foundations on wliieli 
social and political democracy can 1)6 
built. When the feudal system yielded 
to the industrial system, the wealth 
created by the applications of scieaee 
made democracy feasible. Social afia- 
tocracy survives in England, but that 
nation has on the whole led in the dopal- 
opment of political democracy, as it has 
in the manufacturing and in the wo^* 
wide trade that are the children of 
science. The mother of parliaments liaa 
had a labor-socialist government; Ihe 
British flag has followed the commetoe 
on which the sun never sets. Germany 
by the applications of science to indtn- 
try became a rival of England with in- 
sults temporarily disastrous to Iho 
world. The United States has now mil- 
distanced them both, with a future tUt 
lies on the knees of the gods. HistoxyHi 
controlled by economics, economim 
the applications of scienoe. 
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It is often said that science is not 
concerned with matters such as democ- 
racy, liberty and the pursuit of happi- 
ness, that all it can do is to supply 
knowledge as likely to be misused as to 
be applied for our welfare. But a psy- 
chologist, who by profession is concern^ 
with the study of human behavior, has 
been asked to take part in this program. 
He does not hesitate to claim that science 
has been the creator of the modem 
world, a force more potent than any 
religion, than any sjrstem of laws, than 
any form of government. The advance 
of science is not dependent for its re- 
sults on these, whereas religious, social 
and xwlitical institutions are on the one 
side based on the truths determined by 
science, on the other side on the eco- 
nomic conditions caused by the applica- 
tions of science. 

Men have died for their country, 
right or wrong; for their religion, true 
or false. The martyrs of science have 
been comparatively few, but it is science 
that has led the way to true freedom of 
thought. The patriot and the saint are 
partisans. Our poet may say : 

Truth forever on the scaffold 

Wrong forever on the throne. 

But the balance is pretty evenly 
weighted. Those with the power, 
whether in state or church, have ever 
been ready to impose their creeds and 
their control upon others. 

Far be it from a psychologist to claim 
that men of science are not also parti- 
sans. But we are such as men and not 
as students of science. Ho is no longer 
a scientific man who tries to fprce others 
to accept the discoveries that he makes, 
the laws that he finds, otherwise than by 
stating them and by using them. Know 
ye the truth and the truth shall make 
j^u free. If it is asked how the scien- 
tific man knows the truth, the answer is 
that he does not. He makes approxima- 
tions and the bank of his knowledge is 
solvent so long as it honors his drafts. 


The Euclid-Newton bank honored until 
recently all the drafts that were drawn 
on it. It appears that it may fail to do 
so for some little ones; if this proves to 
be the case then our physical universe 
must be revised or discarded. It is 
equally true that no social system, no 
political theory, no religious creed, can 
be maintained when it is not in accord 
with science. The methods of science, 
slowly gaining in force and volume 
through the centuries, will in the end 
bring truth and reason into all our be- 
liefs and actions. At least that is the 
hope of the world, for we can not rely 
on inherited instincts to meet situations 
always increasing in complexity. 

There can be no conflict between 
science and religion, between science and 
nationality; neither are they separate 
spheres that do not touch. Metaphysics 
and theology, religion and art, declara- 
tions and constitutions, may be true or 
false, beautiful or ugly, useful or harm- 
ful; these are all facts open to investi- 
gation, however ignorant we may be at 
the present time in regard to them. For 
me there are no more beautiful words 
than ‘‘In the beginning God created the 
heavens and the earth.'* Whether the 
story of the first chapter of Genesis is 
a true account of what happened six 
thousand years ago is a question of fact. 
It is absurd to try to reconcile religion 
and science when there can be no con- 
flict The bison had the prior possession 
of the prairies, but it is futile to try to 
reconcile the right of one of them to 
stand on the railway track with the right 
of the locomotive engine to run over the 
track. A debate between Dayton and 
Darwin is appropriate only to the rural 
vaudeville stage. 

There are doubtless influential scien- 
tists who would not agree with these 
remarks. Some of them have recently 
joined with clergymen and publicists in 
a manifesto reconciling religion and 
science with the help of the ambiguous 
use of words. One of them claims that 
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if psyoholo^Bts do not find evidence for 
the soul, it will be saved by a paleon- 
tologist and two physicists. We aU 
agree, however, that while we may dis- 
pute concerning matters of which we 
are ignorant, we shall accept the verdict 
of science when it is rendered. William 
James may be correct when he claims 
that we have the right to believe any 
hypothesis that is sufficiently alive to 
tempt our will, for he makes the essen- 
tial reservation. Once he said to me 
when discussing the optimistic and pes- 
simistic views of the world : Some people 
may see a checker-board as white with 
black spaces, others as black with white 
spaces; why should we not side with 
those who see it white? The obvious 
answer was: Why not see it half white 
and half black? 

The Declaration of Independence be- 
gins with the statement that it is a self- 
evident truth “that all men are created 
equal. This appears to be more com- 
forting than Calvings conflicting claim 
that some infants are born to be 
damned. But no statement in the Dec- 
laration, whatever the reverence in 
which we may hold it, and no dogma of 
a church, however great its historic 
authority, can be maintained, if it is 
contrary to the results of scientific in- 
vestigation. The first psychological 
measurements of individual differences 
were made by me. We now know that 
men differ not only in size of body, but 
also in what with equal opportunities 
each can do. New meanings may be 
read into the words of declarations and 
creeds, but that is not the way to respect 
them. It is far better, as does the scien- 
tific man with his superseded theories, 
to honor them as the dead bodies over 
which we have advanced. 

There are no self-evident truths; all 
men are bom unequal. Democracy 
should not claim that all men are 
equally fit to do anything; it is more 
nearly a system by which all can attain 
the positions for which their native in- 


equalities fit them, without help or 
hindrance from privileges of birth and 
property. As a matter of fact the Dec- 
laration is not particularly concerned 
with defining or forwarding democracy. 
It is a Declaration of Independence re- 
hearsing the “repeated injuries and 
usurpations” of the king of Great 
Britain and maintaining the right of 
revolution to redress these wrongs. 
There is nothing in it incompatible with 
setting up a hereditary monarchy of our 
own; Jefferson and Washington were fit 
to be the founders of a landed aris- 
tocracy. 

The Constitution, like the Declaration, 
was not written in the interests of de- 
mocracy. It adopts a system of checks 
and balances adverse to popular govern- 
ment; its provisions making amendment 
difficult, indeed its very existence, are 
undemocratic. It is a fine defense of 
individual liberty and some of us may 
wish that its spirit were still a living 
force. There is a certain absurdity in 
adding the eighteenth amendment to the 
early articles maintaining the freedom 
of speech and of the press, the right to 
keep and bear arms,^ the limitation of 
searches and seizures, and the right to 
trial by jury. Legislation such as the 
recent sedition laws is subversive of the 
principles on which the nation was 
founded. Modem social democracy 
must, however, limit individual freedom 
for the general benefit. The complex 
civilization created by the applicationii 
of science requires controls that would 
have been intolerable for the colonists 
of the eighteenth century. 

True democracy has become feasible 
only since the Declaration was signed 
one hundred and fifty years ago. When 
the Nineteenth Century magazine asked 
various notables what were the chief 
advances of that century, democracy and 
science were most frequently referred to^ 
these two being named by individuals ob 
diverse in their interests as Gladstoni 
and Jenny Lind. But probably neither 
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of them realized that the applications of 
aoienoe are the prerequisite of democ- 
racy. 

We still await greater production of 
wealth through the applications of 
science and its more equitable distribu- 
tion for the further advance of democ- 
racy. England has at present a partial 
political democracy and a rather com- 
plete social aristocracy. Russia has 
more nearly a social democracy and a 
political oligarchy. We live under a 
limited social and political cleptocracy. 
The word may be a bit harsh, but we 
should learn to subsume under the 
eighth commandment the securing of 
political office and legislation by money 
or favors, and the obtaining of more 
money than services are worth by in- 
heritance, privilege, monopolies, tariffs 
and the like. It is fortunate that science 
provides so much real wealth, even 
though it may not yet have taught us 
how to distribute and use it properly. 
We may hope that the superstructure of 
paper wealth, which gives the few the 
control of the many, may in the end be 
rebuilt by science for the housing of 
democracy. 

Wealth is not an ultimate good, but a 
means to other ends. It is an essential 
means to democracy in the modem 
world. A kind of democracy is more or 
less feasible in a primitive tribe, though 
it is doubtful whether it has ever ex- 
isted, there having been always a patri- 
archy or other hierarchical organization. 
When, however, needs are simple and 
nature provides for the necessities of a 
small group, there can be a kind of 
equality without excessive labor and 
apart from the applications of science. 
But in fact science begins with the first 
tools and the most primitive industries; 
the advance of civilization has bem 
entirely dependent on the accumulation 
of knowledge and its wider applications. 

The earliest civilizations, Egypt, 
Babylon and the rest, were made possi- 
ble by the beginnings of science, but in 


that stage of development human slavery 
was necessary. One of the Egyptian 
pyramids is comparable in size and cost 
to an office building in New York City. 
The p3rramid required the labor of thou- 
sands of slaves working for many years. 
They toiled as many hours a day as they 
could be kept standing by the lash ; their 
women and children worked in equal 
measure. The pjrramid served as the 
tomb of a king. The modem office 
building may be built by a compara- 
tively small number of men working 
eight hours a day for a few months. 
Each man is paid what would have pro- 
vided for the subsistence of a hundred 
Egyptian slaves. His children must go 
to school and can go to college. The 
office building may be used by ten thou- 
sand people. 

The great civilizations of Greece and 
Rome were based on slavery. Athens 
had perhaps thirty thousand citizens 
and three hundred thousand slaves; it 
drew on subject nations, and the city, as 
always, was parasitic on the country. 
Rome conquered the world. In distant 
Palestine Christ said: ** Render unto 
Caesar the things that are Caesar’s,” 
but just why the hard-earned pennies of 
the Jewish peasants were Caesar’s is not 
clear. There is no word against slavery 
in either the Old or the New Testament. 
A civilization based on the control of 
the many by the few and the support of 
the few by the many could endure only 
by force. The barbarians from the 
north, the rustics, the submerged classes, 
overthrew it, and there were larger 
groups having opportunity and the 
chance to rule. 

There gradually emerged civilizations 
in Italy, Spain, France, Germany and 
England. Chaucer and Dante were 
bom. Guilds were established. The 
universities of Bologna, Paris and Ox- 
ford arose. Roger Bacon was bom at 
the time King John was forced by the 
English barons to sign the Magna 
Charts. Constitutional government and 
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trial by jury were established. Greater 
democratic control parallelled the ad- 
vances of science. Copernicus was nine- 
teen years of age when Columbus 
reached America. New heavens and a 
new earth were then created. Science 
and democracy advanced together until 
the time of the industrial revolution and 
of our revolution when there was an 
inflection point on the rising curves of 
each. But always it was science that led 
in more correct knowledge of the world, 
in providing wealth that supported 
larger numbers of free and educated 
I>eople. 

Lincoln and Darwin were bom on the 
same day; the slaves of the south were 
emancipated and the Origin of Species 
was published at nearly the same time. 
Legal slavery will never again exist; 
freedom of thought will never again be 
openly suppressed. Our task now is to 
do away with the subordination of the 
individual and the limitation of his free- 
dom by economic, social and political 
controls. We must get sufficient wealth 
and so distribute it that every child will 
have opportunity to do what he can do 
best ; that every one will have the 
chance to read, talk, think and live. 

It does not follow that because science 
provides the nearest approximation to 
the truth for the time being attainable 
that people will accept it, or that if they 
do it will apply to their behavior. As 
the Latin orator said long ago, we see 
the better things but follow the worse. 
Neither do we have general education, 
leisure and democracy because the 
wealth provided by science makes them 
possible. Our material civilization has 
been created within five hundred years; 
man has scarcely altered in ten thou- 
sand years. In so far as there has been 
a change it is probably in the direction 
of a weaker muscular system less well 
coordinated, defective senses, greater 
susceptibility to disease, less adequate 
responses to simple and fundamental 


situations, including the more elemental 
emotions and the finer forms of art. 

Material science has done its part by 
giving us more knowledge of the physi- 
cal and biological world and by supply- 
ing those applications which make it 
unnecessary that there should be slav- 
ery, the exploitation of races, the sub- 
jection of women, child labor, excessive 
manual toil. Birth rates and death 
rates have been reduced to one half ; the 
length of life has been doubled. It is 
not reasonable to blame physical science 
because people do not use to the best 
advantage the opportunities that it has 
provided. Nitrogen may be employed 
for fertilizing the soil or for killing 
men ; universal schooling does not deter- 
mine what people will read ; wealth may 
be seized by a few instead of being used 
for the general good. 

Human behavior is the concern of the 
psychological sciences. If it is asked 
why these have not accomplished more, 
a simple answer may be given. Psy- 
chology is a new science. The first chair 
of psychology in any university — held 
by the present speaker — ^was established 
at the University of Pennsylvania in 
this city less than forty years ago. The 
physical sciences have had centuries for 
their development, psychology only a 
single generation. It is futile to pre- 
dict, but we are within our rights to 
hope, that the psychological sciences will 
in the end contribute in equal measure 
with the physical sciences to our knowl- 
edge and to its applications for our 
welfare. For example, it is not unrea- 
sonable to guess that the average pro- 
ductivity of each individual could be 
doubled and his happiness correspond- 
ingly increased, if he were selected for 
the work that he can do best, trained in 
the right way to do it, and given the 
most favorable conditions. We may 
further hope that in addition to its eco- 
nomic applications, psychology, even 
more directly than the other scienees, 
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will advance those thing:s that are most 
worth while. 

On a patriotic occasion such as this, 
we can date modem science and the new 
social era from the time of the discovery 
of America, the applications of science 
and the democracy made possible by 
them to the time of our revolution, the 


modem extension of scientific knowledge 
and its dominant place in civilization to 
the time of our civil war. It is our part 
to see to it that the world supremacy 
that our nation has now attained may 
mark the era in which science and the 
resources that it creates are used for the 
welfare of all. 


AMERICA’S OPPORTUNITY IN CHEMISTRY 

By Profeaaor WILLIAM A. NOYES 

UKIVEBSITY OF ILLINOIS 


Some time ago statistics were pub- 
lished which stated that before the war 
there were thirty thousand chemists in 
Germany, five thousand in England, two 
thousand five hundred in France and 
fifteen thousand in the United States. 
I doubt the entire accuracy of these 
figures and the training of chemists and 
the standards for the profession differ 
so much in the different countries that 
it would be useless to attempt more than 
a very rough comparison of this type. 
It seems rather certain, however, that 
the nations mentioned ranked somewhat 
as indicated, in their chemical develop- 
ment. Before the war America had 
already laid good foundations for a 
rapid advance and this was greatly ac- 
celerated — perhaps too much accelerated 
— by the war. In Germany, on the 
other hand, the conditions for chemical 
development have not been favored and 
it seems reasonable for us to look for- 
ward to a time when America will take 
the first rank in chemistry. With this 
possibility in mind it is worth our while 
to inquire how Germany ' secured the 
position she holds and what we must 
do to secure a similar position. 

Just about a century ago, in 1822, a 
young man, only nineteen years of age, 
went to Paris to study chemistry and 
had the good fortune to gain admittance 
to the laboratory of Qay Luasac. That 
was only eight years after the Napo* 


leonic wars, when France and Germany 
had been bitter enemies, but chemistry 
was at a very low ebb in Germany and 
Liebig went to Paris to study chemistry 
with Gay Lussac, as his most intimate 
friend, Wohler, went to Sweden to work 
with Berzelius, the greatest chemist of 
the time. There is such a thing as scien- 
tific heredity. It differs from physical 
heredity in that a man may choose his 
own father. Liebig chose Gay Lussac; 
Wohler chose Berzelius; and several 
Americans still living are in the second 
or third scientific generation from Liebig. 

In 1824 Liebig was called to Giessen as 
assistant professor of chemistry. There 
he founded a laboratory new of its kind 
in the world — a laboratory where teacher 
and students worked together intensely 
and enthusiastically in gathering new 
knowledge and building, i^stematically, 
advances in the science of chemistry. 
To that laboratory men came from all 
over the world and from that laboratory 
influences went out that touch every 
chemist and, indeed, every individual 
who has any part in our modem life. 

Liebig’s laboratory was small and 
crude in comparison with the palaces in 
which we work to-day and the knowledge 
of chemistry of the time was also small 
and rather easily mastered so far as Lie- 
big thought this necessary for the be- 
ginning of eonstructiye research. But 
to Liebig and to aU those who have in- 



206 


THE SCIENTIFIC MONTHLY 


herited something of his spirit the labo- 
ratory was not primarily a place for 
aoquiriiig a knowledge of chemistry — it 
was a workshop where chemistry was 
made — ^where students did not so much 
follow the suggestions of some leader as 
where they gained an inspiration to 
strike out into new and untried paths 
of their own. He antedated a saying 
of Le Chatelier, '‘Young people are not 
receptacles to be filled; they are fires to 
be kindled.’* 

One of the men who worked in Lie- 
big ^s laboratory was A. W. Hofmann. 
In 1845 Prince Albert called Hofmann 
to London to teach in a newly founded 
college of chemistry. Ten years later he 
had as an assistant, Wilham H. Perkin, 
a young man of nineteen, who was not 
content to merely work with Hofmann 
during the day but fitted up a small 
laboratory at home where he could work 
at night and on holidays. He thought 
there might be a relation between ani- 
line and quinine because of an apparent 
relation between the formulas of the 
two, and on this basis attempted a syn- 
thesis of the alkaloid. We now know 
that there was not the slightest chance of 
success. Instead of quinine he obtained 
a colored compound. As he reports, 
chemists at that time did not think much 
of colored compounds and looked on 
them as impurities to be removed by 
bone black, or otherwise. Perkin was 
struck with the beauty of the compound 
and, perhaps partly because he was 
young and enthusiastic, he conceived the 
idea that the new color might be used as 
a dye. Fortunately, the father of 
Perkin had faith in him and furnished 
the capital to start the new industry. 
The problems the young man had to face 
in converting his laboratory preparation 
of mauve into a successful manufactur- 
ing process were varied and difficult. 
Benzene, which had been discovered in 
oil gas by Faraday in 1825 and was 
known as a constituent of coal tar, was 


not to be had as a commercial product 
and it was necessary to go to the manu- 
facturers of gas for a crude product to 
be purified. Then the nitration of the 
benzene and the reduction of the nitro- 
benzene to aniline, known before then 
(mly as small scale laboratory prepara- 
tions, must be carried out on a large 
scale in a factory. Even when the dye 
had been made, the dyers, accustomed 
only to the use of vegetable dyes, such 
as indigo, logwood and fustic, did not 
know how to use it and Perkin had to 
go into the dye houses and show them 
how to handle the material. All these 
difficulties were overcome and the 
foundation was laid for a great industry 
which has revolutionized the beauty of 
our wearing apparel 

A few years later Baeyer began an in- 
tensive study of indigo. Incidentally he 
discovered that by distilling certain 
compounds with zinc dust the oxygen 
they contain may be removed or replaced 
by hydrogen. TVo other German chem- 
ists, in another university laboratory — 
notice that it was in university labora- 
tories that Baeyer and also Oraebe and 
Liebermann worked and not in factories 
— applied Baeyer ’s method to alizarin, 
the dye of Turkey red. They obtained 
anthracene and found the key to the 
structure of the dye. Shortly after, they 
made the dye synthetically and some 
attempts were made in Germany to 
manufacture alizarin. But it was W. 
H. Perkin, once more, with his years of 
experience as a manufacturer, who con- 
verted the laboratory synthesis into a 
commercial success. 

With such a brilliant beginning it 
would seem that England should have 
continued the leader in the manufacture 
of artificial dyes, but long before the end 
of the nineteenth century Great Britain 
had lost aU her initial advantage and 
Germany became preeminent in the pro- 
duction of synthetic colors. 

When we look for the reason for this 
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sarprifiing result we find it almost en- 
tirely in the laboratories founded on 
Liebig’s ideal — laboratories where stu- 
dents learned the chemistry already 
known, it is true, but where, much more 
than that and as their prime object, 
teachers and pupils gave their energies 
intensely and incessantly to the develop- 
ment of an ever-changing science. 
Young men trained in such an atmos- 
phere proved to be the very ones who 
could solve the varied problems of an 
industry which is so intimately con- 
nected with investigations in pure 
science. 

In addition to the supply of trained 
chemists furnished by the universities, 
there grew up a most intimate connec- 
tion between the university laboratories 
and the factories where dyes were made. 
In the olden times artisans and philoso- 
phers were entirely separated and the 
experimental method made little prog- 
ress in science. That method is now 
thoroughly established and we see 
clearly that we can gain new knowledge 
only by bringing our ideas constantly to 
the test of agreement with objective 
facts. A condition somewhat similar to 
the old divorce between ideas and experi- 
ment still continues in some of our in- 
dustries and universities. The ‘‘practi- 
cal” men of the industries think they 
can get little help from science — and 
some scientific men think it is beneath 
their dignity to have connections with 
the industries. 

While professors in German universi- 
ties have continued to devote their ener- 
gies to the development of the science of 
chemistry rather than to industrial 
applications of their knowledge, many of 
them have maintained intimate relations 
with the directors of factories and these 
relations have been mutually helpful. 
An illustration will help to make this 
clear. 

Eekul6| one of the men who worked 
with LieUg at Giessen, proposed his 


theory of the structure of benzene in 
1865. This has become, perhaps, the 
most important single fact guiding the 
work of the color-chemists even to the 
present day. Baeyer, who had studied 
with Kekul6, took up, in the same year, 
some work on isatin, an oxidation prod- 
uct of indigo. He tells us with what 
pleasure he had spent for a piece of in- 
digo a birthday present of two thalers, 
given him when he was thirteen, and 
with what a happy, almost reverent feel- 
ing he drew in the odor of orthonitro- 
phenol as he prepared isatin from the 
indigo by the directions he found in an 
organic chemistry. 

After working with isatin and other 
derivatives of indigo for four years with 
good success Professor Baeyer dropped 
the subject for some years because his 
former teacher Eekul6 published a paper 
in which he announced that he was at- 
tempting a synthesis of isatin. After 
waiting eight years, it became evident 
that Eekuk had not succeeded in his 
synthesis and Baeyer returned to the 
subject. Three years later he discovered 
a synthesis of indigo of sufficient prom- 
ise for a patent and the Badische 
Anilin Soda Fabrik began at once an 
attempt to put the synthesis on a manu- 
facturing basis. The chemists of the 
factory worked over the process from 
every possible point of view for fifteen 
years. The various steps of the process 
were greatly improved and more than a 
hundred patents were taken out but it 
was never possible to convert Baeyer ’s 
synthesis of indigo into a successful 
manufacture on a large scaje. The orig- 
inal substance required for that synthe- 
sis is the toluene of coal tar and the 
annual production of this substance 
would be sufficient to make only one 
fourth of the indigo required in the 
world. As toluene is used in the manu- 
facture of a great varie^ of other dyes 
and compounds, it is evident that any 
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considerable use for the manufacture of 
indigo would cause such an increase in 
the price as automatically to stop the 
manufacture. 

The laboratory found its way out of 
this cul-de-sac by means of a discovery 
made in the chemical laboratory of the 
Polytechnic at Zurich, Switzerland — a 
laboratory which has given us many bril- 
liant discoveries in chemistry and which 
is conducted on a high scientific plane, 
not on the theory that it should devote 
itself to so-called practical problems. 
By combining Heumann 's discovery with 
another made by Hoogewerf and van 
Dorp in a university laboratory in Hol- 
land it became possible to manufacture 
indigo with naphthalene of coal tar as 
the starting point. Naphthalene, known 
to us all in the familiar moth balls, is 
abundant and cheap. 

Even with the aid of these fundamen- 
tal discoveries from the university labo- 
ratories the chemists of the factory con- 
tinued to work incessantly on the prob- 
lem for seven years before they were so 
sure of their ground that they recom- 
mended the building of a plant to make 
indigo on a large scale. The firm was 
then willing to spend four and a half 
million dollars on their plant for the 
manufacture of this single dye. 

Many other interesting details might 
be given about the development of the 
manufacture of indigo but enough has 
been said to illustrate the intimate con- 
nection between the dye industry of 
Germany and the scientific work going 
on in university laboratories. Here, as 
in all branches of our modem national 
and international life, the only way for- 
ward lies in cooperation. If we can 
learn the full meaning of that, the pos- 
sibilities of advance seem almost un- 
limited. 

While I am emphasizing the training 
of men in methods of research and the 
intensive prosecution of research in our 
universities as the most essential foun- 


dation on which we must build if we 
are to take the first rank in chemistry, it 
does not follow that we must follow ex- 
actly the same lines that have been fol- 
lowed in Germany. 

Nearly twenty-five years ago a man 
who had been trained as an undergradu- 
ate at the Massachusetts Institute of 
Technology and who had followed this 
with three years of work in the labora- 
tory of Professor Ostwald, in Leipzig, 
was asked to take charge of a research 
laboratory for the General Electric Com- 
pany at Schenectady. I have been told 
that for a time Dr. Whitney taught on 
Monday, Tuesday and Wednesday at 
the Institute in Boston, and worked in 
Schenectady on Thursday to Saturday, 
spending two nights a week on the 
sleeper going back and forth between 
the two places. It was not long before 
he discovered the method of '^metaliz- 
ing’’ carbon filaments for electric light 
bulbs and it is said this discovery was 
worth a million dollars to the company. 
The firm soon decided that they wished 
him to spend all his time at Schenectady, 
but he is still non-resident professor of 
chemical research at the Institute of 
Technology. As director of an indus- 
trial research laboratory, now probably 
the greatest of its kind in the world, 
Dr. Whitney has retained very much of 
the spirit and methods of the university 
laboratory. His men gather to discuss 
their research work, as the men of a 
university do, and some of them are en- 
gaged on problems which have no im- 
mediate industrial application in view. 
The contributions to the advance of 
chemistry which have come from that 
laboratory are very important and it is 
looked on as a model of its kind. 

A few years ago our sailors were in 
danger of having to go out to meet the 
submarines, blind, because no one in 
America could make the optical glasfl 
necessary for their instruments. To 
whom did we turn in the emergency f 
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Was it to the manufacturers of glass T 
No I We turned to men trained for 
,many years by research at the Bureau 
of Standards and at the Geophysical 
Laboratory in Washington where they 
had been studying silicates, not to make 
optical glass but to learn how the rocks 
in this old earth of ours have been 
formed. These men were able to solve 
the problem and within a few months, 
with the aid of a glass manufacturer, 
they had furnished six different kinds 
of glass required for the ordinary marine 
glasses and other optical instruments for 
the navy and army. Soon after, there 
was a call for a seventh glass with dif- 
ferent properties. The men had worked 
out what is known as the triaxial dia- 
gram for silica, potash and litharge by 
means of which they could predict the 
relation between a glass made from 
these ingredients and its indices of re- 
fraction and dispersion. They located 
on this diagram the composition of a 
glass having the desired properties, put 
the ingredients together and it came out 
right the first time. Such is the differ- 
ence between the old cut and dry meth- 
ods of so-called practical men and a 
genuine scientific method. 

The Boyal Institution in London was 
founded in 1799 by Count Rumford, an 
American who had found Europe more 
congenial after our Revolutionary War. 
It has been stated that the support of 
that institution for the first century of 
its existence cost, on the average, only 
about twelve hundred pounds a year. 
But think, for a moment, what that six 
thousand dollars a year has meant to the 
world! It .was there, in the early years 
of the nineteenth century, that Sir Hum- 
phry Davy made his startling discoveries 
in eleotroohemistry which laid the foun- 
dation for all our electroohemical indus- 
tries. There, a few years later, Faraday 
discovered that a magnet thrust into a 
coil of wire generates an electric current 
and that an electric current may cause 


a magnet to rotate about it. These are 
beginnings from which all our modem 
electrical machinery has developed. 

One of the features of the Royal In- 
stitution has been the giving of popular 
scientific lectures. The story is told that 
an old gentleman was accustomed to at- 
tend these lectures very regularly. He 
would come in and seat himself in one 
of the front rows and when the lecture 
was well started he would fall asleep and 
sleep all through the address. When 
the will of this old gentleman, John 
Fuller, was opened, it was found that 
he had left a bequest of ten thousand 
pounds to the Royal Institution ‘‘In 
memory of many happy and profitable 
hours spent there — it sometimes pays 
to cultivate those who sleep through our 
lectures. 

I have spoken of the absolute separa- 
tion between the old philosophers and 
the artisans and of the somewhat similar 
attitude of those university men of our 
own time who wish to hold themselves 
entirely aloof from the practical affairs 
of life. There is, undoubtedly, some 
justification for this attitude for some 
of our university men have been drawn 
away from the pursuit of science to the 
pursuit of dollars, very greatly to the 
detriment of science. This is not alto- 
gether the fault of the scientific men. 
The annual per capita value of the ma- 
terial products of the United States is 
four times as great, in gold values, as 
it was in 1880. This means that the sal- 
ary of a professor in a university should, 
in justice, be four times what it was in 
1880. The wages of laboring men have 
gone up somewhat in the proportion that 
is just and the rewards of the leaders 
of our industries have certainly in- 
creased, at least in proper proportion, 
but the returns to academic men have 
not yet increased as they should. I 
think that I have made it clear that our 
great advances in industrial chemistry 
rest on the work of the universities for 
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their foundation. This seems to be well 
recognized and the great gifts to our 
laboratories from fortunes made in the 
industries are a concrete expression of 
this recognition, which we may hope to 
see increased. The same thought is 
slowly making its way into the minds 
of legislators, as shown by the increas- 
ing appropriations for state universities. 
Its recognition by Congress is still far 
from satisfactory, and unless this can be 
remedied the splendid record of the 
scientific bureaus of the government can 
not be maintained. 

In one respect we may claim to have 
attained a better ideal than any other 
country. We have united all classes of 
chemists in a single society which has 
become much larger than any other 
chemical society in the world. By unit- 
ing our forces for publication and for 
the promotion of the interests of chem- 
istry and of chemists we have demon- 
strated the very great advantages of co- 
operation. Our members sometimes 
object that we furnish them with a great 
deal of material which they can not use 
or in which they have no interest. In 
such a connection a comparison with the 
daily newspaper often comes to my 
mind. There are always many things in 
the paper for which we, as individuals, 
have no interest but the success of the 
paper depends on its appeal to persons 
with very varied interests and to the 
fact that each of these finds something of 
value. In Prance, the daily papers have, 
apparently, followed the plan of pub- 
lishing a great number of different 
papers each of which is found agreeable 
to a comparatively small class of people. 
I am sure that most people who have 
followed these papers find them far less 
satisfactory than the large English and 
American dailies. Somewhat the same 
principle has been followed in publica- 
tion abroad and especially in Germany. 
Our four journals cost our members 
only $15.00 a year, while the Chemisches 


ZentralbUUt alone costs the members of 
the German Chemical Society $20.00. 
Only a comparatively small number of 
the papers giving an account of new re- 
search work are published in the 
Berichte, which corresponds most closely 
to our Journal of the American Chemi- 
cal Society, At least eight or ten Ger- 
man journals would be required to get 
as go(^ an oversight of chemical research 
in Germany as we can obtain for Amer- 
ica from the two journals, the Journal of 
the American Chemical Society and 
Industrial and Engineering Chemistry, 
As our research grows in volume and 
quality, however, there may be some 
question whether we can continue indefi- 
nitely our policy of the past twenty-five 
years. Indeed, we already have a Jour- 
nal of Physical Chemistry, Journal of 
Biological Chemistry and Journal of the 
Electrochemical Society as well as a con- 
siderable number of journals devoted to 
special fields of industrial chemistry. 

During the year following the armis- 
tice a young man who had seen service 
in Prance wrote me, “I am not so happy 
as I was then,'* referring to the days 
when he was in the army. He had in 
mind that many nations were working 
together as one man to win the war and 
that the men did so in a spirit of patri- 
otism and devotion to the cause which 
had disappeared as the opposing na- 
tional and individual interests came to 
view in the peace conferences. Must 
this be sot We have seen that a dozen 
nations can unite for war. Is it impos- 
sible for them to work in cooperation for 
the common interests which bind them 
so closely together in times of peace. 
Capital and labor united in prosecuting 
the war. Is it not possible for them to 
see their mutual interest in working 
fairly together for the advantage of the 
community? 

As we look back through the ages a 
fundamental priUciple stands out--4bai 
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nation or class or individual who is will- 
ing to forget his own personal advantage 
when it conflicts with the advantage of 
others, gains, in the end, most happiness 
and advantage for himself; but the na- 
tion, or class, or individual who seeks 
first his own advantage with no thought 


of the good of others loses all that is 
most worth while in life. And we shall 
see, as we thinlr of it, that this is the 
simple lesson taught nineteen hundred 
years ago — *'He that saveth his life shall 
lose it, but he that loseth his life shall 
save it.” 


ENGINEERING AND THE NATION 

By Dr. D. S. KIMBALL 

DEAN or THE COLLEGE Or ENGINEERINO, CORNELL UNIYERSITT 


The story of man’s upward progress 
from savagery to civilization is largely 
the story of his efforts to develop tools 
wherewith to subdue a stem, and on the 
whole, an unfriendly environment. That 
this fact has been deeply impressed upon 
him is evidenced by his recognition that 
this progress is marked by certain spe- 
cial improvements in his tools and meth- 
ods; hence we speak of the Stone Age, 
the Bronze Age, the Iron Age and the 
Age of Steel. And it is quite evident 
that we are even now passing into a 
higher, and we hope a better, stage of 
civilization, the metallic index of which 
we can even now dimly visualize. It is 
true of course that certain of the older 
nations attained a high degree of culture 
with a handicraft background, but such 
culture was necessarily confined to a 
very few, the vast majority toiling as 
slaves in order that a limited number 
should have the things of life all men 
prize. But there is no record of wide- 
spread physical well-being, education 
and intelligenoe supported by handi- 
craft ; and axiomatically as' the tools of 
industry become more and more primi- 
tive the status of the worker approaches 
more and more that of the slave. 

Industrial development has progressed 
along three well-defined lines, namely, 
labor-saving machinery, time-saving ma- 
chinery and maohinei^r for transmitting 


intelligence. All three of these lines of 
endeavor have occupied men’s minds 
from time immemorial, • but it has re- 
mained for the scientists and the engi- 
neers of the last century and a half to 
really make machinery and scientific ap- 
paratus tliat have revolutionized not 
only our manner of living but our ideals 
of existence as well. It is fitting, there- 
fore, at the close of the third half cen- 
tury of our national life during which 
these great developments have occurred 
to review the progress we have made 
since the last great celebration in this 
city that marked the hundredth mile- 
stone of our national existence. 

From the very beginning of his mun- 
dane career man has recognized that he 
could greatly help himself by bringing 
to his aid the forces of nature, such as 
wind and water. The development of 
prime movers such as the steam engine 
and the gas and oil engine and the har- 
nessing of water powers is a direct result 
of this ancient need. The progress in 
this direction during the last fifty years 
is most remarkable. The great Corliss 
engine built by George Corliss himself to 
operate the machinery of the Centennial 
Exposition of 1876 was considered to be 
a mammoth machine of epoch-making 
importance. It was rated at 1,400 horse- 
power. To-day we have single h 3 rdro- 
electric units that develop 70,000 horse- 
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power, and steam-driven turbo-genera- 
tors sets that develop 60,000 horsepower 
in a single unit are becoming common- 
place. The first locomotives weighed 
three or four tons, while modem loco- 
motives weighing 300 tons are now quite 
common. The Clermont would barely 
make a tender for the Leviathan, and as 
high as 100,000 horsepower has been in- 
stalled in a single torpedo-boat de- 
stroyer. More important still Mr. Fred 
Low computes that the total installed 
prime mover capacity of the United 
States to-day is so great as to place, po- 
tentially at least, at tlie disposal of every 
man, woman and child of this great coun- 
try the equivalent labor of nearly 150 
slaves. If labor-saving macliinery may 
be taken as an index of civilization, and 
obviously it can be, we stand to-day on 
an economic plane vastly higher than 
any of our predecessors of slave-owning 
days. 

By time-saving machinery is meant 
all that vast array of machinery that fills 
our factories and to a large extent tills 
our soil. These machines are the lineal 
descendants of the stone ax and other 
primitive tools of production. It should 
be noted that this class of machinery is 
labor-saving only as it is driven by labor- 
saving machines, such as the steam en- 
gine, water wheel, etc. Any description 
of this vast array of productive machin- 
ery is far beyond the limits of this paper. 
But it should be noted that through this 
machinery man has been able to multiply 
his productive effort many fold, and the 
term ‘^mass production’^ properly de- 
scribes our modern conception of produc- 
ing the necessities and luxuries of life. 
No such production has ever been accom- 
plished in the history of man and the 
limits to these methods are as yet not 
in sight. 

The modem development of apparatus 
for transmitting intelligence is again the 
culmination of long-seeking effort which 
extends from the savage making signals 


with puffs of smoke down through the 
use of the semaphore, the heliograph, the 
telegraph and the telephone to the radio, 
in one continuous thread of develop- 
ment. The solution of this age-old prob- 
lem is a thing to marvel at for its per- 
fection. Obviously its greatest effect is 
to speed up the entire industrial machine 
and to add to its effectiveness. 

It would be superfluous to recount the 
many accomplishments of applied sci- 
ence as represented by the work of engi- 
neering in these three fields. In trans- 
portation and communication it has 
almost eliminated time and space and 
made the whole world neighbors. It has 
given progressive nations physical com- 
forts undreamed of by our ancestors and 
has filled their territories with the good 
things of life. I am not unmindful of 
the great progress that has been made 
in other fields of applied science, such aa 
medicine and agriculture; nor of the 
hope that progress in these fields holds 
out for humanity. But nevertheless en- 
gineering is the great outstanding fea- 
ture of modem civilization, and aU other 
fields of applied science depend, per- 
haps, more than is usually realized upon 
engineering. The development of the 
modem printing processes alone, which 
are almost purely engineering in their 
character, has done more to disseminate 
knowledge in all branches of learning 
and has, in fact, contributed more to 
civilization than any other development, 
excepting only the steam engine. 

The success of the engineer in apply- 
ing science to the solution of his peculiar 
problems has not gone unnoted by work- 
ers in other callings. It was to be ex- 
pected that correlated fields of endeavor 
such as industrial administration would 
be greatly influenced by these new meth- 
ods of attack. But the engineering 
method has long since outgrown the 
bounds of the workshops and factory to 
such a degree that the words engineer 
and "engineering” have all but lost 
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their original significance. We have 
‘‘efficiency engineers/’ “sales engi- 
neers,” “human engineers” and so over 
a range of activity that is truly startling. 
Engineering, in fact, has become synono- 
mous with accomplishing results, with 
“getting things done.” It has become a 
method of thinking by which men pro- 
ceed to the solution of their problems 
through orderly reasoned methods based, 
so far as possible, upon known facts ; and 
speculative philosophies, so long the 
stumbling block of industrial achieve- 
ment, have no place in these methods. 

But more important than this, more 
important than the physical comforts 
these methods have bestowed is the man- 
ner in which modem applied science has 
enlarged our vision of humanity and its 
problems and the consequent effect upon 
our ideals of life on this planet. It may 
be logically questioned as to whether 
man has m.ade intellectual progress since 
the golden days of Athens, but certainly 
we have widened our ideals. Or rather 
we have admitted among our ideals pos- 
sibilities that, while recognized as de- 
sirable by our progenitors, were pushed 
aside because of expediency. All history 
indicates that men’s ideals have always 
been limited and modified by the prob- 
lems of making a living and, in general, 
as the tools of production have been im- 
proved and living conditions made conse- 
quently easier, more tolerant ideals have 
prevailed. The ancient Greeks with all 
their intellectual development knew of 
no way in which to support their intel- 
lectual life except by slavery. We, in an 
age when productive methods are im- 
mensely more highly developed and in a 
land where natural resources are ample, 
hold slavery to bo not only unnecessary 
but actually unmoral. The ideals of all 


ancient civilizations were ideals of neces- 
sity, To a certain extent this is still true 
of our civilization. But for the first 
time in the history of the race there is 
held out a hope that through modem 
methods of production we may yet at- 
tain an ideal of existence that has long 
occupied man ’s mind, but because of the 
limitations cf his industrial methods has 
remained a Utopian dream. 

If I read the ideals of American de- 
mocracy aright we are committed in this 
country to an effort to attain universal 
well-being where every man, woman and 
child shall have enough to eat, drink and 
wear, proper housing, and some measure, 
at least, of mental and spiritual develop- 
ment. And so far as can be seen at pres- 
ent the only hope that this can be accom- 
plished lies in present-day engineering 
productive methods ; and this is the rea- 
son for the faith that is in us who believe 
in the development of science, pure and 
applied, to the uttermost. 

And therefore as we review the prog- 
ress of engineering during the past fifty 
years the future is bright with hope. 
True, there are many difficult problems 
yet to be solved. We have solved in some 
degree the problems of production, but 
we have made little progress in the in- 
telligent distribution of the proceeds of 
industry. But there would seem to be 
no reason why these difficult problems 
should not yield to the same rational 
methods of thought that have already 
solved some very difficult problems. It 
would be interesting indeed if we could 
lift the veil that hides the future and see 
what engineering will be like when 
Philadelphia celebrates the two hun- 
dredth anniversary of the birth of this 
nation that before all others holds out 
the hope of universal well-being. 



THE ATMOSPHERE: ORIGIN AND 
COMPOSITION 


By Dr. W. J. HUMPHREYS 

U. 6. WEATHER BUREAU 


It will be convenient to consider first 
how the earth came to have an atmos- 
phere, and after that in some detail 
what this atmosphere is. 

To begin, then, not at the ultimate 
beginning, but as far back as actual 
knowledge permits, we believe that 
everything that we call matter consists 
of some combination or assemblage of 
two things as yet unresolved — the elec- 
tron and the proton, the negative and 
the positive electric atoms, or at most, 
these charges and their carriers. 
Whether these ultimate (for the pres- 
ent) elements also are ‘^matter'* is, per- 
haps, only a question of definition. At 
any rate they are entities, and the most 
elementar}^ of which we have any defi- 
nite evidence. We have no knowl^ge of 
the origin of either the electron or the 
proton. They can exist separately, 
from which one might infer that they 
may have originated independently. 
On the other hand, the equality of their 
charges suggests simultaneous origin in 
equal numbers. But be that as it may, 
normally the atom of every element 
from hydrogen to uranium, and all their 
compounds from the simplest to the most 
complex, consist of equal numbers of 
electrons and protons. Even in those 
exceptional cases where the atom is 
deprived of one or more of its extra- 
nuclear electrons the electrons them- 
selves are not lost but kept close by — 
they or others — and organic union irtth 
them re-established the instant such 
union is not actively prevented. Hence, 
wherever matter occurs in great quan- 
tity, as in a star or a planet, one may 


expect to find every possible combination 
of electron and proton, that is, all the 
chemical elements and also such of their 
compounds as the existing temperature 
and other conditions may favor. Doubt- 
less, therefore, every heavenly object, 
however nebulous or condensed, has 
within itself, as certainly our own sun 
has, the makings of an atmosphere. 
Evidently, then, when the earth was 
pulled out of the sun by the tidal action 
of a passing star of much greater mass 
there were taken along the hydrogen, 
oxygen and nitrogen of the ocean and 
the air as well as the iron, silicon, alu- 
minum and other elements of the litho- 
sphere. 

The i>ortions of the sun thus pulled 
out by tidal action broke up, if we 
accept Jeffreys’ logic, ^ into separate 
masses each of which soon became a 
liquid sphere surrounded by an envelope 
of vapors and gases. In the case of the 
earth, it appears that the gravity pull 
of the liquid sphere was sufficient to 
retain the water vapor, if such existed, 
and all the gases except hydrogen and 
helium. 

After a relatively very short period, 
only a few thousand years, a more or 
less stable crust formed, consisting essen- 
tially of rock material, the iron and 
other heavy substances, throu^ the 
action of gravity, having formed the 
inner core. The surface temperature 
then rapidly fell to a value comparable 
to that which seems to have obtained 
ever since, leading to the condensation 

iH. JofPreyB, ''The Earth,” Oamlxridge 
UniverBitj Press, 1024. 
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of most of the water vapor, if it existed 
in large quantity, and to a well-nigh 
perfect conservation of all atmospheric 
gases, including now even hydrogen and 
helium. 

Whether this primordial supply of 
free air and free water vapor was great 
or small, we do not know. But what- 
ever these original quantities, there was 
also a never-failing fresh supply of all, 
or practically all, the elements and com- 
pounds that constitute the atmosphere as 
it exists to-day, with the probable excep- 
tion of oxygen. For the crusting over 
of the earth must have been accompanied 
and followed by vast lava flows and 
other forms of eruptions that gave off 
then, as they do now, great volumes of 
steam, carbon dioxide, nitrogen, hydro- 
gen and other gases, except, presumably, 
oxygen, each of which, or its elements, 
had been absolved, occluded, combined 
or otherwise taken up by the rocky mate- 
rials while in their previous gaseous or 
liquid state. 

Since free oxygen has not been found 
in volcanic gases known to be uncon- 
taminated by admixture of atmospheric 
air, and since it presumably could not 
exist at high temperatures in the pres- 
ence of free hydrogen and free sulphur, 
it seems that the oxygen of the air can 
not be of volcanic origin, at least in its 
present state. It may be that the orig- 
inal supply of oxygen was more than 
enough to combine with the available 
hydrogen and other oxidizable sub- 
stances at and near the surface of the 
earth, and that from the beginning our 
world always has had an oxygen atmos- 
phere. It is true that through photo- 
83rnthesi8 plants give off considerable 
quantities of oxygen; hence the oxygen 
of the air might be accounted for in this 
way, provided plant life could have 
started without the p^ence of this gas 
in the free state, a result that seems 
quite possible, since many of the lower 
forms of life thrive where this element 


is not free, and yet under the stimulus 
of light evolve it from one or more of its 
compounds, especially water. Finally, 
lightning produces a little free oxygen 
through its action on water, and so also 
may ultraviolet light, but these sources 
appear to be insigniflcant. 

Presumably, then, from the very be- 
ginning of its independent career the 
earth has had an atmosphere of nitrogen, 
oxygen, water vapor, carbon dioxide and 
various other gases. But even if they 
ever had been taken up wholly by other 
materials of the earth, which seems most 
unlikely, they later would have accumu- 
lated to a greater or less extent through 
chemical reactions, as manifested by vol- 
canoes and biologic activities. 

Now that we have seen that the earth 
must have an atmosphere of some kind, 
partly regenerated, we are sure, for we 
see it coming out of volcanoes, and partly 
primitive, perhaps, we next may inquire 
what the present composition of that 
atmosphere really is. 

The oldest considerations of the air 
known that possibly can be called scien- 
tific are those of the ancient Greeks. 
They believed it to be a single, homoge- 
neous substance, or, more exactly, an 
element — one of four that singly and 
variously combined make up all objec- 
tive things. In effect, however, they 
declared the atmosphere to be complex ; 
a belief implied, though perhaps not 
clearly recognized, in the correct asser- 
tion by Aristotle that clouds and rain 
are produced by condensation out of the 
air of aqueous vapor that previously had 
arisen from the surface of the earth. 
For more than twenty-two centuries, 
then, perhaps for much longer, it has 
been Imown that the atmosphere is a 
mixture, at least to the extent of being 
part water and part something 

else; and for over two thousand years 
after the days of Ai^otle, this is all 
that was known about its composition. 
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The first of the relatively permanent 
gases found to be a constituent of the 
atmosphere was carbon dioxide. The 
investigations that led to this amazing 
result were begun in 1751 by Joseph 
Black, while a student of medicine in the 
University of Edinburgh, and published 
in 1755 as his thesis for the degree of 
M.D. It is interesting to note in pass- 
ing that Dr. Black's astonishing discov- 
ery that placed him among the scientific 
immortals was not anomalous, and in- 
dicative, as one might suppose, of a hap- 
hazard or even perfunctory selection of 
thesis topics, but a thing that inci- 
dentally evolved from a searching study 
of the use of alkalis and lime water in 
the treatment, then advocated, of urinal 
calculi. 

The next advance in our knowledge of 
the composition of the atmosphere, the 
discovery of nitrogen, also was made by 
a medical student, Daniel Rutherford, in 
the University of Edinburgh, and pub- 
lished os a thesis for his degree in 1772. 
His investigation was begun at the sug- 
gestion of Dr. Black, the discoverer of 
carbon dioxide, or fixed air as he called 
it, then professor of chemistry at the 
University of Edinburgh. In the main, 
Rutherford first added as much phlogis- 
ton as possible to a confined volume of 
air, that is, burned out the oxygen, as 
one says to-day, but which he could not 
say as oxygen at that time was unknown, 
then absorbed the carbon dioxide, if any 
had been produced, with a suitable 
alkali, and finally examined the proper- 
ties of the mephitic air — nearly pure 
nitrogen, as we now know — that re- 
mained. Like Black's work that led to 
the discovery of carbon dioxide, Ruther- 
ford's investigation also had its medical 
aspect. This portion of his study, how- 
ever, appears to have given only nega- 
tive results, for in his thesis he says: "‘I 
had intended to add something regard- 
ing the composition of mephitic air, and 
to seek for a reason for its unwholesotiie 


effects, but I have not been able to find 
out anything with certainty." 

Almost immediately after Rutherford 
discovered the nitrogen of the atmos- 
phere, both Scheele and Priestley found 
its other major constituent, oxygen ; 
Scheele before 1773, apparently, and 
Priestley on August 1, 1774. Thus the 
priority of this discovery rests with 
Scheele, but, on the other hand, the 
priority of publication belongs to Priest- 
ley by about a year. 

As early then as 1775, the atmosphere 
was known to consist largely, and be- 
lieved to consist almost wholly, if not 
entirely, of (1) water vapor, recognized 
from antiquity; (2) fixed air, or carbon 
dioxide; (3) mephitic air, or nitrogen; 
(4) dephlogisticated air, or oxygen. 
Thus the problem of the composition of 
the atmosphere appeared to be wholly 
solved, and here our knowledge of it 
remained fixed, except in respect to a 
few variable impurities, for well over a 
hundred years, or until 1894, when Lord 
Rayleigh and Sir William Ramsay 
startled the scientific world by telling us 
of that strange element in the air, argon, 
that in total mass exceeds by several fold 
the whole of the water vapor, carbon 
dioxide and every other atmospheric 
constituent all combined excepting only 
the nitrogen and oxygen. Soon after 
this, and in quick succession, all the 
other inert gases, neon, helium, krypton 
and xenon, were found likewise to be 
interesting parts of that atmosphere 
which formerly we thought we knew so 
well. Careful analyses of the atmos- 
phere show also the presence of free 
hydrogen, but the amount found, always 
very small, has varied so widely that its 
constancy is questioned. Its production 
by volcanoes certainly is irregularf as 
likewise are some of the ways by which 
it may be consumed. However, it seems 
always to be a part of the lower air ; by 
volume seldom if ever less than one ivi 
1,000,000, or greater than one in 5,000. 
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The value most frequently quoted is one 
in 10,000. 

Finally, the air is full of electrons, 
radioactive ^ses, spores of many kinds, 
cosmical dust and terrestrial dust of 
every conceivable variety. 

The volume percentage composition of 
dry air at the surface of the earth and 
freed from impurities is, approximately : 


Nitrogen 78.03 

Oxygen - 20.99 

Argon - 0.9323 

Carbon dioxide - 0.03 

Hydrogen - - 0.01 

Neon 0.0018 

Helium 0.0005 

Krypton 0.0001 

Xenon 0.000009 

The values here given for the inert 


gases are by Moureu and Lepape, C. -K., 
July 19, 1926. 

The amount of water vapor in the 
atmosphere varies widely, as every one 
knows, from almost nothing when the 
temperature is very low, to at least 5 
per cent, by volume at the surface. The 
average amount in the whole atmosphere, 
however, is the equivalent, roughly, of 
a sheet of water 2.6 cm. deep over the 
entire surface of the earth. 

Prom the above values, and various 
other pertinent factors, such as molec- 
ular weights, barometric pressure, distri- 
bution of temperature with height, ex- 
tent and elevation of continents, etc., one 
can compute the approximate mass of 
the atmosphere as a whole and of each 
of its constituents. These values are 
given in the table following . 

One of the constituents listed in this 
table, vie., water vapor, belongs almost 
wholly in the lower air. This is because 
the vapor capacity of a given volume de- 
creases very rapidly with temperature, 
and temperature in turn with increase of 
height. Ozone, on the other hand, is 
mainly in the upper air. At what height 
it is most abundant we do not know, but 
probably far beyond the highest clouds. 


liilAss OF THE Atmosphere and or its 

OONBTITUENTB 


Volume per cent. 
Subfitanoe dry air 

Total mass 

Total atmoBphoTo 

61100000 X 10“ kg. 

Dry air — 

100.00 

60967400 '' 

Nitrogen 

78.03 

38722986 '' 

Oxygen - 

- 20.99 

11696239 ‘‘ 

Argon 

0.9323 

618814 '' ‘‘ 

Water vapor ^ 



132600 '' 

Carbon dioxide 

....„ 0.08 

21658 ** ‘‘ 

Hydrogen 

- 0.01 

1291 

Neon 

0.0018 

689 

Krypton 

.... 0.0001 

128 

Helium 

..... 0.0005 

80 “ 

Ozone 

0.00006" 

30 ‘‘ 

Xenon 

0.000009 

17 ‘‘ “ 


Since the values in this table were more or 
less independently determined it could not be 
expected that the percentages of the constitu- 
ents (not quite everything in the atmosphere) 
would add up exactly 100, nor that the com- 
bined mass of these several parts would be pre- 
cisely the same as that of the whole. These 
deviations, however, are very small, indeed well 
within observational and experimental errors. 

It is the powerful absorption band of 
ozone centered at around wave length 
.25 and spreading widely on either 
side, that limits the ultraviolet extent of 
the solar radiation received at the sur- 
face of the earth. From a comparison 
of this limitation at different solar alti- 
tudes with each other and with ozone 
absorption of radiation in the labora- 
tory, it has been estimated that if all the 
ozone in the atmosphere was gathered 
into a single layer, at standard tempera- 
ture and pressure, this layer would be 
only about three millimeters thick. 
There is no strong corresponding absorp- 
tion of the ultraviolet in a path of even 
several miles of surface air.* Hence we 
are sure that ozone is confined almost ex- 
clusively to great heights. 

The percentages of the other constitu- 
ents of the atmosphere remain practi- 
cally constant throughout at least its 

■ B. J. Btruti, Nafars, V. 100, p. 144, 1917. 
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lower ten to twelve kilometers, except as 
ali^^htly altered by the rapid decrease of 
water vapor with increase of height. 
This substantial constancy of composi- 
tion, despite wide variations in molecu- 
lar weight, is owing to constant mixing 
through wind turbulence and thermal 
convection. But thermal convection ex- 
tends to the height of only ten to twelve 
kilometers in middle latitudes, and to, 
say, fifteen kilometers in tropical regions. 
Beyond these levels, where temperature 
is practically constant with height and 
convectional mixing therefore impos- 
sible, the percentages of the heavier con- 
stituents except ozone decrease with in- 
crease of height, while those of the 
lighter increase. The ozone, it is be- 
lieved, is formed by the action of radia- 
tion far in the ultraviolet on the upper 
levels of oxygen, hence, and because also 
of its slow, spontaneous decomposition, 
its density distribution is believed to be 
radically different from that of any 
other atmospheric gas. 

The composition of the highest por- 
tions of the atmosphere, that part be- 
yond one hiindred kilometers above the 
surface of the earth, is very imperfectly 
known. One naturally would suspect an 
increasing percentage (not quantity, of 
co-urse) of nydrogen with gain of height, 
but it may be that this gas is all con- 
sumed at comparatively low levels. Even 
if it got beyond the clouds it still would 
have the gantlet of ozone to run before 
reaching a safe level. Possibly some of 
the mere trace of water vapor at great 
heights may be dissociated by ultraviolet 
radiation and a little hydrogen and 
monatomic oxygen thus produced. We 
are not sure, then, whether there is or is 
not any hydrogen in the outer portions 
of the atmosphere. It is not indicated 
by auroral spectra, nor with certainty 
by the spectra of meteors. However, 
this is not conclusive proof of its ab- 
sence, since neither meteors nor auroras 
reveal helium either, though surely it 


must be in the outer atmosphere, as it 
runs no chemical danger whatever, as 
hydrogen would, on its way thither. 

Meteors tell us nothing positively 
about the composition of the outer air. 
Auroras, on the other hand, give us some 
very definite information on this subject. 
The normal base of auroras is about one 
hundred kilometers above the earth. 
Here, and ior perhaps several hundred 
kilometers beyond, they show, by their 
spectra, the presence of nitrogen and of 
oxygen, the former by several bands, the 
latter through the famous ‘‘auroral 
line,” as first explained by McLennan 
and Shrum,® of the University of 
Toronto. 

But how, one asks, can oxygen, in ade- 
quate quantity, reach such heights! We 
do not kno\^. It has been inferred from 
the heights at which meteors are fired 
that the temperature of much of the up- 
per air must be surprisingly high,* equal 
at least to that at sea level on a hot sum- 
mer day, But balloon soundings up to 
thirty-five kilometers or thereabouts 
show no evidence of such condition. Be- 
sides, the necessity for so great a density 
of the upper atmosphere to fire meteors 
as this high temperature would provide 
has been questioned.® One therefore 
asks whether there is any other way than 
through the expansion incident to high 
temperature by which an appreciable 
amount of oxygen can be got into the 
outer atmosphere. Possibly so. At any 
rate, since the auroral line appears to be 
due to monatomic oxygen, being a sharp 
line and not a band, one may suspect 
that the very high atmosphere contains 
an appreciable amount of this particular 
substance — a gas of but half the molecu- 
lar weight of ordinary oxygen and capar 
ble therefore of reaching far greater 
heights. In the lower atmosphere oxy- 

* Proa, Boy. 8oc., A108, p. 601, 1926. 

4 Lindemann and Dobson, Proo. Boy, Boe,,, 
A102, p. 411, 1928. 

8 Sparrow, AstrophyB. Jour., 08, p. 90, 1926, 
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gen is diatomic; somewhere in the high 
atmosphere much of it is triatomio ; and 
now we suspect that at still greater 
heights, and owing to the action on one 
or both of these forms, and possibly also 
on traces of water vapor, of excessively 
short wave-length insolation, it may be 
monatomic. Certainly the production 
of ozone requires the breaking down of 
diatomic oxygen to monatomic, some of 
which may, in the rare upper atmos- 
phere, long persist unchanged. 

There remains one other hint about 
the composition of the outer atmosphere 
worth mentioning, namely, its electrical 
conductivity, as indicated by certain 
wireless phenomena. This conductivity 
is owing, we believe, to a relatively great 
number of free electrons — half a million 
per cubic centimeter, perhaps, an enor- 


mous number, and yet small in compari- 
son with that of the atoms present. 

Our knowledge of the composition of 
the lower atmosphere from the surface 
of the earth to the height of at least 
fifteen to twenty kilometers, is reason- 
ably satisfactory, except in respect to 
condensation nuclei and the so-called 
impurities; but as the upper air grows 
thinner, even more rapidly does our in- 
formation about it become less. In 
many ways the state and composition of 
the air far beyond the highest clouds 
profoundly modifies not only radio com- 
munication, but even life itself, both ani- 
mal and vegetable, and we earnestly 
want to know more about that state and 
that composition. Some day we shall 
know more about them. 



THROUGH A CHEMICAL LENS 


By Dr. K. GEORGE FALK 

HABRIMAN RESEARCH LABORATORY, THE ROOBEVEI^T HOSPITAL, NEW YORK 


The life process of an individual of 
any species represents to the human in- 
tellect a series of changes occurring in 
a number of structural units, changes 
complex and confusing to the under- 
standing, but in reality interwoven to 
produce a moving pattern which is 
systematic and orderly. 

The various structural units undergo 
changes which are chemical in character. 
The study of these individual chemical 
reactions has shown that they obey the 
same laws and regularities and show the 
same relations as do the chemical reac- 
tions of so-called inanimate nature. 
This does not mean that all the reac- 
tions which occur in life processes are 
understood. In fact, the behaviors of 
very few can be explained satisfactorily. 
It does mean that the changes which 
permit of study are found to be chem- 
ical in the sense that the same or similar 
reactions outside the living organism are 
chemical. The realization of this fact 
simplifies the consideration of the chem- 
ical changes. It is not necessary to de- 
velop a new chemistry, such as a chem- 
istry of living matter or of the changes 
occurring in living matter. The chem- 
istry which has been developed in the 
laboratory with materials not imme- 
diately derived from living matter is all- 
inclusive and is sufficient for the study, 
consideration, classification and compari- 
son of the chemical changes in life 
processes. The evidence for the simpler 
substances and changes is quite satis- 
factory. On the other hand, the direct 
evidence that the very complex changes 
follow the chemical laws developed on 
the basis of the simpler reactions may 
be incomplete in many cases, although 
all the evidence available points in the 
same direction. It will therefore be as- 


sumed that the complex as well as the 
simple reactions which occur in life 
processes obey the same chemical laws 
as do those outside the living organism. 
This statement must not be stretched to 
unreasonable limits. Possible chemical 
changes connected with thought proc- 
esses, with consciousness, whatever may 
be meant by the term, are not included. 
Nothing will be said about these, because 
nothing is known. 

The limitations of the chemical view- 
point must be realized in order to obtain 
a proper perspective of the ground to be 
surveyed. Changes in chemical compo- 
sitions under various conditions are in- 
cluded. The substances involved may 
be simple or complex in composition, 
individuals or mixtures, colloidal or 
non-colloidal. But nothing is said of 
the structure of the living matter of 
which these substances form not only a 
part but the whole, and in which they 
may be said to react. This structure or 
form is obviously of importance in many 
ways. For one thing, it makes possible 
the recognition of the material, fre- 
quently with the unaided eye, practi- 
cally in every case by the microscope. 

This is not the place to enter into a 
detailed discussion of structure as shown 
by the microscope, and function as evi- 
denced by certain chemical changes. 
Their relative importance, their inter- 
dependence, their reciprocal influence, 
merit a much more extended treatment 
than is possible in this connection. Just 
as the question of priority between the 
hen and the egg was settled by the 
biologist, so it is probable that the prob- 
lem of structure and function in living, 
organisms will ultimately be satisfac- 
torily solved. The physical form taken 
by Idle materials to make passible the 
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eontinuanoe of the life process is outside 
the field to be discussed here. To pre- 
sent the matter in the form of a crude 
analogy, a comparison may be instituted 
between a university and a mausoleum. 
Both may have the same external struc- 
ture or physical framework composed of 
the same materials. In the one case 
there is a continual activity, interchange 
with the outside environment, change 
and development of the material within 
the structure, and, in general, various 
forms of activities susceptible to quanti- 
tative measurements if the characters of 
the materials under examination were 
properly understood. In the other case, 
the changes occurring are few, com- 
paratively easy to follow and simjjle in 
character. There is none of that bus- 
tling activity seen in the former case. 
These two sets of structures and activi- 
ties may be compared to chemical 
changes in living and dead matter, or, 
to go a step farther, to changes of ani- 
mate and inanimate nature. It is ob- 
viously inadvisable to extend the com- 
parison too far, but it is desirable to 
form a picture of the minor importance 
that structure as such plays in the chem- 
ical changes in life processes as pre- 
sented here. 

The interpretation of life processes in 
terms of chemical reactions or of the 
changes in composition of various com- 
ponents, is, in the opinion of many, an 
object much to be desired. Such an in- 
terpretation should not only be useful 
because of the presentation of a different 
point of view in connection with certain 
phenomena of nature, but might add to 
a more fundamental understanding of 
the processes involved. The chemical 
reactions and chemical changes are nec- 
essarily an important and perhaps the 
predominating feature of the biological 
developments which are continuously oc- 
curring in active life processes. 

The biological development of an in- 
dividual of a given species when grossly 
considered represents a systematic and 


orderly development. Conception, birth 
(or initial formation of the individual), 
growth or development, and finally 
death, may be mentioned as a few of the 
striking events, while in between the 
changes occur steadily, and, with careful 
observation, can be followed from day 
to day, or during as short periods of 
time as may be desired. The gross 
changes are known to everybody with 
more or less exactness. The biologist 
follows the changes more in detail, and, 
on the basis of the study of the cell and 
its structure, has developed the science 
of living organisms from a structural 
point of view. 

The question now arises as to the bear- 
ing of chemistry upon the study of the 
changes occurring in living organisms. 
The chemist considers these changes in 
terms of chemical reactions and changes 
in chemical compositions of the constitu- 
ents. That is to say, the life processes 
of an individual, viewed by the so-called 
scientifically untrained man-in-the-street 
as a series of well-known, obvious, con- 
tinuous changes in size, appearance and 
ability to act, by the biologist as changes 
in cell structures, as cell growths, as in- 
teractions between cell groups, and as co- 
ordinated interactions which culminate 
in the life process, will now be thought 
of as chemical actions and interactions 
of the constituents of the living organ- 
ism. The life phenomena will be consid- 
ered through the medium of the chem- 
ical reactions which occur. These 
phenomena will be watched and studied 
through a “chemical lens.“ The inter- 
pretations of the life processes in terms 
of chemical reactions and changes will 
be based upon the significance of the ob- 
servations to the extent that these ob- 
servations, acting as the chemical lens, 
will permit them to be perceived. 

The chemical lens consifirts of the chem- 
ical changes and reactions which are 
studied. A chemical lens may be im- 
perfect and not reproduce truly the 
object under consideration. It may be 
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cloudy and opaque and therefore permit 
only a part of the knowledge to pene* 
trate; it may be selective in its absorp- 
tion and transmission and reproduce 
therefore only portions of the phe- 
nomena ; it may refract strongly, distort 
the image of the object and therefore 
transmit a distorted ^owledge ; its field 
of view may be very small and therefore 
furnish only limited and incomplete 
knowledge of the object under investiga- 
tion. In general, the possible imperfec- 
tions and troubles which are encountered 
with the optical lens may be paralleled 
by this chemical lens. If the chemical 
lens is so imperfect, it may well be asked 
why an attempt should ^ made to use 
it in the consideration of biological 
processes. The chemical natures of the 
processes involved are of the utmost sig- 
nificance, and while the chemical lens at 
the present time is admittedly imperfect 
it does yield results of interest and of 
value. A perfect chemical lens will fur- 
nish a complete representation of the 
chemical knowledge of the object studied 
as well as a perfect interpretation from 
the chemical point of view. This perfec- 
tion of chemical lens, of representation 
of the object and of interpretation is 
obviously far from true for life proc- 
esses. Some of the pictures which have 
been obtained with the chemical lens will 
be outlined. 

The chemical composition is naturally 
the first property to be studied by means 
of the chemical lens. Much work of this 
sort has been done. The inorganic con- 
stituents of matter from various living 
sources have been determined, and the 
organic constituents have been exten- 
sively studied. The results of these 
chemical analyses are important and of 
great value. At the same time they 
leave a feeling of incompleteness for the 
consideration of living matter as such, 
or of the life process. The chemical lens 
here does not transmit enough informa- 
tion for a satisfactory mental image of 
the changes, in comparison with the liv- 


ing object under investigation. The 
reason therefore may be placed on the 
chemical lens. The methods of study in 
these cases are not sufficient to produce 
the clear mental image desired. It may 
be of interest therefore to consider these 
methods of study (or chemical lens) 
somewhat farther. 

The estimation of the inorganic con- 
stituents present in living matter under 
various conditions and at different stages 
of growth has unquestionably been of 
value. The importance of these constitu- 
ents has been made clear, and especially 
the significance of very small amounts of 
certain of the inorganic elements has 
been emphasized. While their impor- 
tance is recognized, the ways in which 
they act and the parts they play in the 
living organisms are frequently quite 
obscure. The chemical lens shows that 
they are present, that their presence is 
essential for the continuance of the life 
processes, but only in rare cases has per- 
mitted the attainment of the knowledge 
of the parts they play and the manner 
in which they play them. 

The matter is immeasurably more dif- 
ficult with the organic constituents of 
living organisms. Many of these organic 
substances are inherently unstable and 
undergo changes in definite ways which 
are essential for the continuance of the 
life processes. In attempting to isolate 
these substances in the laboratory, 
changes may occur because of various 
treatments, so that the materials finally 
isolated may bear only slight resem- 
blance to the substances present in the 
living organism. The chemical lens here 
has modified the substances under in- 
vestigation and has changed their ap- 
pearance and properties. It has been 
one of the aims of this branch of chem- 
istry to improve the methods of isolation 
(the chemical lens in this case) so that 
the substances isolated may be identical 
with those present in the living organism 
(a perfect chemical lens). Much prog- 
ress has been and is being made and it 
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may be said that the perfect chemical 
lens is being approached in a number of 
oases. 

A comparison of the chemical proper- 
ties and behaviors of substances of in- 
animate and of animate nature will serve 
to bring out the inadequacy of the 
method of chemical analysis for follow- 
ing the changes in the latter phenom- 
ena. The chemical analyses of mineral 
substances in many cases suffice to 
characterize them. Their states are 
fixed for all practical purposes, and 
chemical analysis at one time will show 
the same as chemical analysis at another 
time. Changes which take place in the 
course of time in most cases occur ex- 
tremely slowly. With substances of 
animate nature, the time factor is of 
great, if not predominating, infiuence. 
Chemical analysis at any one x)€riod of 
the life process is important but only 
characterizes the material at that time. 
Life is kinetic, it is moving, changing, 
and the substances in living matter move 
and change. Repeated chemical analy- 
ses at different periods of the life proc- 
ess must be carried out. But this is not 
the only way in which the time element 
enters into the study. Because of the 
instability of many of the substances 
involved in the life process, their isola- 
tion for the purposes of identification 
and study will be accompanied by 
changes. Many of the substances pres- 
ent in animate nature are not as stable 
as most of those present in inanimate 
nature, and methods of chemical analy- 
sis must take account of this fact. The 
chemical lens through which many facts 
of the mineral world are observed satis- 
factorily is not sufficient fbr many facts 
of the world of living matter. For ex- 
ample, the phenomena of substances in 
the colloidal state need new or modified 
methods of study or a more complete 
chemical lens. 

It is evident that it is extremely diffi- 
cult to develop a chemical picture of the 
whole of a life process. A chemical 


analogue of the life process is to seek. 
In the past six years Miss Helen Miller 
Noyes and the writer have been devel- 
oping a line of work at the Harriman 
Research Laboratory which may perhaps 
be accepted as a contribution to this 
study. A new type of chemical lens has 
been developed, and the results of the 
study of the chemical properties by this 
method when compared with some of the 
results of biological study may be of 
interest and permit of further develop- 
ments. Only an outline of this method 
can be presented here; for details the 
communications presented elsewhere 
must be consulted. 

The chemical changes during the life 
process in any one form of living matter 
proceed in certain definite ways peculiar 
to that form of living matter, although 
many other changes in the material are 
possible. The directive agencies are 
assumed to be enzymes,^’ substances 
which, while not as yet isolated in a pure 
state or as definite compounds, take part 
in the reactions of living organisms with 
the result that products are produced 
necessary for the continuance of the 
given life process. Preparations from 
living matter are able in the laboratory 
to produce definite chemical changes in 
complex substances as well as to bring 
about chemical reactions in simpler sub- 
stances. This fact proves that enzymes 
and enzyme actions are not mere ab- 
stractions invented for the purpose of 
mentally accounting for certain changes 
occurring in the course of life. It may 
well be possible to go to the other ex- 
treme and to consider that enzymes and 
enzyme actions are the chemical essen- 
tials of life processes. A study of en- 
zyme actions may therefore furnish a 
more useful chemical lens, in the sense 
of approximating more closely than 
other chemical methods which have been 
used the actual changes and behaviors of 
living matter. 

Without entering into the details of 
the work at the Harriman Research Lab- 
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'orstory, » few of the geaeral principles 
developed may be given. It was realised 
that the chemical changes brought 
aboQt 1^ preparations from living mat- 
ter (containing ensTmes) could not in 
genMal be the same as those changes 
which occur in the living organism. 
Simple chemical changes were therefore 
chosen for the in vitro tests, changes 
which, while perhaps only remotely con- 
nected with changes in living organisms, 
nevertheless might be expected to show 
a number of the different enajnne actions 
of the organisms or at least to parallel 
them. Conditions of testing which 
modified the materials as little as pos- 
sible were developed. Various nonaal 
tissues and tumors from a . number of 
different animals were studied. 

After testing various enzyme actions 
of the materials, the hydrolytic actions 
on a number of different esters (ten) 
under fixed and comparable conditicms 
were chosen as most useful and satisfac- 
tory. It was recognized early that the 
actual amounts of the enzyme actions 
were not the most important factors in 
the study, although these were interest- 
ing and at times useful. Rather, the 
comparative hydrolytic actions of a 
given material on the different esters, 
expressed mort readily in terms of per- 
centages of the largest action of that 
series, were found to be most significant. 
A method of plotting the results was 
developed which permitted tbe presen- 
tation in the form of a curve of ten (or 
any number) of these ester-hydrolyzang 
actions of any one tissue and the com- 
parison of this curve with the curves of 
other tissues. These curves or “pic- 
tures” of relative enzyme actions were 


significant of certain tiasaeai ftnd Inmont. 
Fluently, where the absolute action St 
a given tissue from different animals of 
a species varied greatly, the curves of 
the relative actions were found to coin- 
cide closely. 

The results obtained by means of this 
chemical lens in a uumbor of., cases 
paralleled the views cditained by other 
methods of study; in other cases ap- 
parently led to opposite conclusions. 
One example of the latter will be given. 
In the study of tumors, both from ani- 
mal and human sources, the chemical 
enzyme study (chemical lens) showed 
that various tumors from different 
sources which histologically were found 
to be quite different, gave the same 
curves of relative enzyme actions, while 
on the other hand, a number of tumors 
which vrore the same histologically gave 
entirely different enzyme curves. 

It is obviously impossible to say that 
either of these methods of investigation 
is wrong. The histological results are 
based upon long years of study and have 
proved most use^l in many ways, but it 
can not be said that they are complete 
or finaL The enzyme method of study 
is a comparatively recent development 
and it is perhaps too early to discuss the 
exact significance of the results. The 
chemical lens in this case is still too new 
to make possible a statement of the fleM 
which it covers, the light whioh it trans- 
mits, and its possible imperfections. It 
may be said, however, that it appears 
to offer an additional method of of 
life processes, and perhaps approaeh 
more closely from a chemioal standpoint 
the properties and changes which ooetm 
in living organisms. 



MONGOLIAN MAMMALS OF THE 
“AGE OF REPTILES’' 

By ProfcBBor WILLIAM K. GREGORY 

AMF.IUOAN MITKEUM OF KATUItAL Tfl STORY 


The discovery of dinosaur egf^s in 
Mongolia by the Third Asiatic I^xpcdi- 
tion of the American Museum of I^atu- 
ral History seemed to capture the imag- 
ination of the world and jokes about the 
price of ancient dinosaur eggs per dozen 
became every man’s pleasantry. But the 
discovery of six imperfectly preserved 
fossil skulls of small mammals in the 
very same beds that yielded the dinosaur 
eggs was an event of exceptional impor- 
tance only to the very few. Undoubt- 
edly the most far-reaching result of the 
entire expedition has been the opening 


up of the geological record of a new 
world to geologists, but on the paleon- 
tological side of the expedition the Cre- 
taceous mammal skulls arc perhaps the 
mast valuable fossils so far discovered. 

The swarming dinosaurs of the Cre- 
taceous age in Mongolia probably paid 
little attention to the ''wee timorous 
bcastios” with pointed snouts and furry 
coats tliat scampered around under their 
feet. With no one to warn them of the 
dangers of letting in a horde of immi- 
grants that would eventually crowd 
them oif the earth, the dinosaurs went 



Photograph by Anterican Museum of liatural Mistory 
FIG. 1. A ‘‘MISSING LINK»' 

FKOic THE Cretaceous aqe of Monooua. Wai/fer Gbanger nou)mG one of tub six fricblesb 

SKULLS OF PLACENTAL MAMMALS OF THE DINOSAUR AGE FOUND BY HIM NEAR THE FlAMINO ClilFFS 
AT SlIABABAKH USU IN THE OOBI DESERT. 
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Plintoffraph by imeric^n of yatural History 

PLATE L CAMEL CABAVAN OP ONE HUNDBED ANT) TWENTY-FIVE CAMELS 

AT THE BASE OF THE FlAMING CUFFS AT SHABARAKH UsU. 
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PHotOffraph bi/ American ilueeum of Natural JHitorv 
PLATE II. ONE OF THE SANDSTONE CLIFFS AT SHABARAKH USU 
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on playing the game of life in the good 
old way and the immigrants did the 
same. For many hundreds of thousands 
of years the dinosaurs muddled through, 
but near the close of the Cretaceous age 
their doom was sealed and they disap- 
peared from the earth in Mongolia as 
well as elsewhere. Thus the mighty 
were put down and the meek inherited 
the earth. 

Numerous reasons have been alleged 
for this momentous event. Some have 
suggested that the little, mammals broke 
into the dinosaurs’ eggs and ate the con- 
tents. Others hold that in the long run 
the mammals came through because of 
their superior equipment for resisting 
severe changes in temperature; because 
of their improved locomotor apparatus, 
better brains and far less wasteful meth- 
ods of reproduction. Be that as it may, 
the Cretaceous mammal skulls discov- 
ered by Walter Granger and his party 
at the Flaming Cliffs at Shabarakh Usu 
in the Gobi Desert have proved to be 
veritable missing links in the story of 
mammalian evolution. As might have 
been expected from previous evidence, 
the placental, or higher mammalian 
stock, even in Cretaceous times had 
already split up into various distinct 
lines. Hence it is not surprising that 
even in the five Cretaceous placental 
mammal skulls found in bne locality in 
Mongolia we have representatives of 
four genera and two distirict families/ 
The more insectivorous-like forms (Pig. 
2, above) in some ways suggest the 
tenrccs or centetoid insectivores of Mada- 
gascar, but both their skull characters 
and their dentition are definitely less 
specialized than in their modern rela- 
tives. The members of the second 
family (Fig. 2, below) are distinctly 
more carnivorous in the general form 
of the skull and dentition and they com- 
bine characters of the carnivorous-in- 
sectivorous marsupials with others seen 



FIG. 2. SKULLS AND EESTOBED HEADS 


OF THE MONGOLIAN CRETACEOUS 
PLACENTAL MAMMALS 
Natui^al, size. Above, the ' ^ inbbctivore ' ' 
(Zalambdale/ftea leohd). Below, the ^‘uttlE 
carnivore'^ (l}eltaih&ridiwn pretriiuhefoulare), 

among the earliest creodonts or primi- 
tive placental carnivores of the Eocene 
age of North America. In both families 
the braincase is distinctly smaller than 
in modern insectivores Or marsupials of 
the same size. 
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Prepared and photographed by Albert •Thomson 


FIG. 3. THE '^LITTLE CARNIVORE SKULL (DELTATHEMIDIDM) 
About three times natural size. 
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Prepatrd and photofjraphed by Albart 7'homson 


FIG. 4. ANOTHER OF THE “LITTLE CARNIVORES/’ PALATE AND LOWER JAW 

About three times naturae size. 
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Huxley, Henry Fairfield Osborn and 
other paleontolofifists had already in- 
ferred that the remote anccstoi*s of the 
hi|u:her or i)lacental mammals in Creta- 
ceous times were small fonns of insec- 
tivorous-carnivorous habit, but prior to 
the Mongolian find the Cretaceous fore- 
runners of the swarminfj: placental mam- 
mals of early Eocene times were practi- 
cally unknown except by a few scattered 
teeth from the Upper Cretaceous of 
North America of very doubtful affini- 
ties. After these priceless skulls had 
been very skilfully freed from the 
matrix by Albert Thomson, of the Amer- 
ican Museum’s technical staff', Dis. An- 
drews, Osborn and Matthew generously 
assipriied them for study and do.scription 
to the present writer, who in turn in- 
vited Dr. George G. Simpson, of Yale 
University, to collalwrate in this study 
on account of his thorough knowledge of 
the Oetaceous and Jurassic mammal 
teeth secured long ago by Professor 
Marsh. Our observations, published in 
the American Museum Novitates and in 
the American Journal of Physical An- 
thropology^ supply the evidence for the 
conclusion that even in the Lower Cre- 
taceous the mammals ns a class were 
already far from the beginning of their 
caret»r and had already separated into 
Marsupials and Placentals, as wtII as an 
older side branch called Multitubercu- 
lates. Secondly, the Mongolian skulls 
tend to confirm the view of Huxley and 
Osborn already noted, that the remote 
ancestors of the higher or placental 
mammals were insectivorous-carnivorous 
in habit, since the teeth in these fossils 
present significant resembltinccs to those 
of existing insectivores. 

Another expectation or prophecy that 
these invaluable specimens support re- 
lates to an early stage in the evolution 
of the famous ^‘tritubercular'’ type of 
molar tooth. Cope, Osborn, Matthew 
and others have produced cumulative 


evidence for the view that even the most 
diversified types of upper molar teeth 
among the later placental mammals 
may all be traced backward along gradu- 
ally converging lines to a central type, 
a triangular form with three principal 
cusj)s, the apex of the triangle being on 
the inner or palatal side of the upper 
molars. This great generalization, one 
of the best established in the whole field 
of vertebrate paleontology, has unfor- 
tunately been obscured in the minds of 
many writers on human dental evolu- 
tion by the more difficult question of the 
remote origin of the tritubercular type 
itself. Cope and Osborn held that the 
triangle in the j)rirnitive mammalian 
molars in turn arose from the folding up 
of a triad of cusps that were originally 
in a straight line (Pig. 7, I), in such a 
way tliat in the upper molars the larger 
central cusp shifted to the inner side of 
the tootli. Moreover, Oslmrn held that 
in the premolar teeth the original main 
cusp remained on the outer side of the 
tooth. Tlius according to this view, the 
premolars and molars were essentially 
different as regards the origin of their 
crown pattern, no matter how much they 
might come to resemble each other in the 
later course of evolution. 

Wortman, Gidley and the present 
writer, on the other hand, maintained 
that there had been no such shifting of 
the main original cusp in opposite direc- 
tions in the premolars and molars, but 
that the low cusp on the inner side of 
the upper molars was not the displaced 
‘'original tip’' or first cusp but, just as 
ill the premolars, it was a spur or in- 
ward growth from the base of the crown, 
the original cusp remaining either in the 
center or near the outer side of the tooth 
(Pig. 7, II). According to the present 
writer’s theory there should once have 
been a stage in which the two outer 
cusps of the triangle were not yet aepji- 
rated from each other,, and in which the 
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FIG. (i. DIVERGENT EVODUTION OF UPPER MOLARS INTO SHEARING 

AND GRINDING TYPES 

In the “little carnivore” or the Mongolian Cretaceous (No. 2) the upper molars are 
or the ‘ ‘ pretritubercular ’ ’ type. The shearing series at the left is based on successive 
structural stages in the sectorul upper molar or huctinot carnivores or the hyaenodont 
rAMiLY. Apter Osborn, Matthew and Gregory. The grinding series at the iught ls based 

CHIEFLY ON SUCCEBSrV* STRUCTURAL STAGES IN THE GRINDING UPPER MOLAR OP THE HORSE 

(10, I], 12). 


inner cusp had the appearance of a low 
process or heel. Exactly such a stagre is 
supplied by the molars of several of the 
Cretaceous mammal skulls from Mon- 
golia (Pig. 6, 2). 

With regard to the lower molars, the 
adherents of both these rival interpre- 


tations were in agreement that, whatever 
the remote origin of the lower molars 
may have been, there was an early stage 
in which the primitive lower molar 
crown consisted of two distinct parts, 
the front part comprising a triangle of 
three sharp cusps, the back part consist- 
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FIG. 7. OPPOSING VIEWS OF THE ORIGIN OF THE TRITIJBEROULAU UPPER 
MOLAR OF PRIMITIVE PLACENTA!. MAMMALS 
T. ThK CorE OsBOUN THEOBY. II. TJIE ATlTliOR\s theory; a, Z>, C, d , r , StJCCEHSlVE STAGES. 


iiig of a low projection or heel. In the 
later mammals the back part or heel is 
very often wider transversely than the 
front part or triangle, and when this is 
so, the large cusp on the outer side of the 
heel of the lower molar fits between and 
on tlie inner side of the two well-sepa- 
rated outer cusps of the upper molar. 
It was predicted by the present writer 
that the * ^ pre-tritubercular ’ ' molars of 
placental mammals should have the heel 
of the lower molars narrow transversely 
and the main outer cusps of the upper 
molars not yet separated from each 
oilier. Several of the Mongolian Cre- 


taceous mammals remain in this stage 
of evolution and thus tend to fulfil the 
prophecy, while others have already 
advanced toward the more tyjiical later 
stage of evolution with nearly separate 
outer cusps in tlie upper molars and 
relatively wider heels on the lower 
molars. This indicates that still earlier 
stages of molar evolution must be sought 
in formations older than the Djadokhta 
formation (Cretaceous) of Mongolia. 
And these earlier stages, long known 
from the Tapper Jurassic of Wyoming 
and Great Britain and long since de- 
scribed by Owen, Osborn and Marsh, arc 
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FIG. 8. 
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RIVAL THEORIES OF THE ORIGIN OF THE TBITUBERCULAB 
LOWER MOLAR 


I. The Cope-Ohborn theory. II. The author’s theory. 
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I’lC. 9. TTIK COl’K-OHBORN THEORY 

OF TIIK KVOI.rTION OK OOOLOSION OU INTKIJLOOKING UELATIONS BETWEEN THE UTTER MOLARS 
(BLACK DOTS) AND THE UUVEU MOLARS (WHITE DOTS). 


HOW bcin^ critically and very success- 
fully restndied by Dr. (1. D. Simpson, of 
Yale rnivcTsily. 

Tlie Monj^oliaii placental mammal 
skulls tbus tend to bridfi^c the f?ap in 
time and in evolutionary sta)?e lietwecn 


the known Jurassic mammals on the one 
hand and the Eocene mammals on the 
other. To this extent therefore they 
may be regarded as ‘^missing links” in 
the evolutionary pedigree of the later 
mammals, including man. 



FIG. 10. AUTHOR ’B THEORY 

OF THE EVOIvUTlON OF OCCLUSAL UELATJONH OF UTTER AND LOWER TEETH. SUCCESSIVE STAGES OF 
COMTI.ICATION SEEN FROM LEFT TO RIGHT. 


BOTANICAL EXPLORATIONS IN THE ROCKY 

MOUNTAINS 


By Professor J. E. KIRKWOOD 

STATE UNTVERSrrY OF MONTANA 


The Flathead River drains the west- 
ern slope of the Montana Rockies be- 
tween latitudes 47° 20' and 49°. Above 
Flathead Lake it divides into three 
branches, the North, Middle and South 
forks. The North Fork lies aloni^ the 
western side of Glacier National Park 
and has been easily accessible by wagon 
road for many years. The Middle Fork 
is followed through much of its course 
by the Great Northern Railway. The 
South Fork, however, with its numerous 
tributaries, traverses an isolated and 
little known region, a remote wilderness, 
approximately fifteen hundred square 
miles in extent. The stream flows in a 
northwesterly direction over one hun- 
dred and fifty miles and finally swings 
westward and joins the other branches 


near Columbia Palls. It is fed from the 
east by streams rising under the very 
crest of the Continental Divide and from 
the west by branches from the Swan 
Range. Tlie floor of the valley lies 
mostly above 3,500 feet but peaks along 
the limiting water sheds rise to altitudes 
of 9,000 feet, or more. The topography 
is rugged and picturesque, rising in tow- 
ering cliffs or precipitous slopes of 
stratified rocks of ancient, mostly pro- 
terozoic age. 

There is no record of which the writer 
is aware of any botanical collections or 
observations of this valley except about 
its mouth, where a few collections have 
been made. The whole interior valley is 
entirely virgin territory, which induced 
the author to spend some time in the 
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summer of 1925 in the effort to make a 
brief reconnaissance of its flora. Al- 
tliough only about seventeen days were 
available and the trip somewhat hurried, 
a fair impression was obtained ot* the 
vegetation in its composition and distri- 
bution. The season was far advanced, 
but a repre.sentative collection was made, 
which with notes and photographs will 
form a permanent record of tlie observa- 
tions. 

('ombining geological and botanical 
objectives, our party included President 
C. n. Clapp and Professor J. H. Brad- 
ley, geologists, and Mr. J. H. Ramskill 
and the writer, representing the botani- 
cal interests, all of the State University 
of Montana. Besides these were Mr. 
Burr Lennes, attracted by the recrea- 
tional opportunity, Joseph Murphy, 
Virgil Woods and Gilbert Muchmorc, 
I)ackcrs, and William Burns, cook. 

Supplies and equipment having been 
.shipped from Missoula by truck some 
days previously we left town on the 
morning of August 23. The first lap of 
our journey took us by auto over a good 
road along the Blackfoot River, a dis- 
tance of nearly sixty miles, to the village 
of Ovando, situated in a broad basin 
marked by numerous small drumlins and 
moraines of glacial gravels. At this 
place the Weather Bureau records show 
that the last killing frost of the season 
occurs in July and the first in August, 
The altitude is 4,100 feet. 

From Ovando we proceeded north to 
a point on Monturc Creek, where our 
packers had assembled the outfit, con- 
sisting of twenty-two horses and the 
usual camping paraphernalia and sup- 
plies. Here we left the auto for the 
saddle. The packs wore made up and 
preparations completed for an early 
start the next morning. 

Monture Canyon is tlie main southern 
gateway into the South Fork country. 
It heads upon the divide separating the 
waters of the Flathead and the Black- 



THE TRIP 

Route indicated over main range of the 
Rockies and parts or the Columbia and Mis- 
souri drainage. 

foot. Our course lay up this canyon 
toward high summits visible from far 
out in the Blackfoot valley. 

We broke camp in the morning under 
a dull and leaden sky. Rain had fallen 
during the night and threatened all day. 
Clouds hung low and the neighboring 
crests slione with the gleam of newly 
fallen snow. The wind blew chill and 
raw and the nodding flowers along the 
trail seemed out of place in the^ wintry 
scene. 

On leaving the plain the first sjyecies 
met are the widely distHbuted yellow 
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piuo (P. ponderosa) and the Douglas 
spruce {Fseudotsuga taxifolia) which in 
all this region form the marginal forest 
growth at the tension line between wood- 
land and prairie. On steep slopes, how- 
ever, it is only a fringe and soon becomes 
mixed with and then replaced by the 
lodgepole (Piiim contorta)^ sometimes 
with a liberal addition of western larch 
{Larix occUleritalis) , Kngtdmanu spruce 
(Ficea engdimmni) and the sub-alpinc 
lir [Aides lasiocarpa) begin to appear in 
tlie narrow gulches and grow increas- 
ingly abundant until they become domi- 
nant in many places above 5,000 feet, 
where the white bark pine {F. albi- 
vaulis) mingles with them in increasing 
numbers up to the limit of tree growth. 

Gradually ihe stream at our left 
dwindled to a mere brook and divided 
into numerous feeders emerging from 
narrow gulches slanting into the main 
canyon. We were nearing the pass. 
Ahead of us loomed walls of crumbling 
shale, their deep strata of red and green 
argillite showing through the scant 
vegetation. The Spokane formation 
with its strongly ripple-marked deposits 
is conspicuous through all these moun- 
tains. At last we topped the summit at 
6,600 feet and began the deseimt into the 
Flathead drainage. The trail dropped 
rapidly now to Hahn Creek, a small 
stream, at a point on which a mile or 
more from the pass we had agreed to 
make camp. Wc were now in the green 
timber and along tlie stream below us 
appeared frequent open grassy glades, 
inviting after the first day^a ride of 
twenty miles. The sun was now shining 
and the sky clear as we pulled into Bear 
Slide Camp at mid-aftemoon. 

The sun set early behind a high ridge 
and with the shadows a chill settled in 
the canyon and before . morning grew 
into a heavy hoarfrost. “Virg'' and 
‘‘Grir^ pitched the tepee and before its 
entrance built a roaring fire, around 
which we sat and talked while the thin 


crescent of the new moon sank to early 
rest behind the hills. Finally we sought 
our blankets in the firelight s fading 
glow and were soon lost to sense of camp 
and trail. 

With the first gray streaks of dawn 
the men were astir, the cook s fire was 
crackling, bacon was sizzling and in an 
incredibly short space the call, '‘Come 
and get it, ’ ' rang out. Some whose more 
sensitive cars had caught the first sounds 
of the day ’s business had washed in the 
ice-cold stream and dressed with promp- 
titude and now lined up to a breakfast 
of oatmeal, bacon and eggs and potatoes 
with steaming hot coffee, while the more 
tardy meml)cr8 made hurried dashes to 
complete the morning's toilet and ap- 
pear at the board before it was too late. 

It remained now" to roll our bedding 
and prei)are for the day^s march. 
Everything must again be compactly 
stowed and prepared for the packing. 
Ordinarily the horses have hec'U rounded 
up before breakfast and now while tlie 
cook is w'ashing the dishes and putting 
his stuff away, horses are being saddled, 
the tents come down and we are again 
on the trail before tlie sun has fairly 
risen on the landscape. On this occa^sion 
Mr, Ramskill and the wTiter elected to 
remain behind and work the local vege- 
tation while the rest of the party pro- 
ceeded to the next camp on Young’s 
Creek, some seven miles below. 

Moser Mountain rises abruptly from 
its base on Halm Creek to an altitude of 
8,530 feet. Much of its slope stands at 
an angle of forty-five degrees, wdth here 
and there precipitous walls or more 
gentle acclivities. Several places on its 
western face bared by snow slides. 
One of thejie rises from our camp site 
about two hundred yards wide to a dis- 
tance of a quarter of a mile or more 
from which every vestige of forest has 
been swept away. The deep, accumu- 
lated snows, loosened as thawing begins, 
break loose and rush down with tre- 
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FOLLOWING THE CONTINENTAL DIVIDE 
The pack tkain on Benchmark Mountain. 


mcndous force. Tlie foot of such slides 
is usually marked by a tangled mass of 
splintered, broken trees intermingled 
with rocks and earth. Here, however, 
the debris has disappeared by fire or 
decay and the frequent recurrence of the 
avalanches keeps the forest from gain- 
ing a foothold. Upon ascending over 
this bare slope it seemed remrfrkable that 
snows could accumulate upon it, so steep 
and insecure was the footing Which we 
experienced. Short sod-forming grasses 
and sedges alternating with patches of 
bare rock or low thickets of alder 
{Alnus sinuata) constituted the ground 
cover. Occasional gullies occupied by 
trickling streams are fringed with spe- 
cies of Saxifraga, Arnica, Senecio, Cam- 
panula and OsmorrKiza in good flower- 
ing condition at 7,000 feet. Above the 
slide, the slope bears a sparse forest wsith 
meager undergrowth, so that little diffi- 
culty was experienced in passing 
through. Hero as elsewhere in the re- 


gion at similar altitudes, the open forest 
is carpeted with a sod of the wood rush 
(Juncoides glahratum). Below 7,000 
feet, on a warm and dry exposure, yel- 
low pine, Douglas spruce. Rocky Moun- 
tain juniper (Juniperus scopulorum) 
and patches of creeping juniper {J. 
Sabina) were found. At all elevations, 
more or less, but especially at higher 
points and on the very summit, we found 
tlie dwarf juniper {J. communis) in 
spreading procumbent shrubs. The for- 
est of the upper slopes is almost pure 
white bark pine and reaches to within 
one hundred yards of the summit. Here 
massive rocks tumbled one upon another 
bear only a thin crust of lichens or in a 
few favored places a sod of Saxifraga 
austromontana. The top is a narrow 
space, mostly of smooth rock or shingle, 
but a pile of coarse rook fragments 
yielded specimens of Rvlbus and BibM a 
foot in hei^t> their tops beaten back to 
the level of the snrropnding stones. 
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What stirred us most, however, as we 
gained the summit and looked beyond 
into a broad basin two or three hundred 
feet below, with a northeastern expos- 
ure, was a fine little stand of LyalPs 
lareh {Larix Lyallii), that rare and 
interesting synicies which is seldom found 
below 8,000 feet in this latitude and 
which, while ])artial to sheltered spots, 
still ascends to greater altitudes than 
any other of our forest trees. 

Our time was short, but we paused to 
enjoy the magnificent panorama spread 
out before us. The rugged gi^andcur of 
the wilderness in lofty peaks and deep 
dark canyons extended tar toward all 
points of the compass; the Swan Range 
to the west and beyond them a glimpse 
of the Mission Mountains, to the east 
not so far aw^ay the Continental Divide 
rose as a huge barrier with its high 
points of Sugarloaf and Scapegoat, and 
far away tt) the north in the blue haze 


of the horizon peak followed peak until 
the serrated skyline was lost in the dis- 
tance. Regretfully w’e turned our backs 
upon the scene and began the descent. 
Considerable care had to be exercised in 
avoiding dangerous footing and in find- 
ing our way around the precipitous 
walls, less evident in the downward than 
in the upward progress. 

The trail down Hahn Creek leads 
through a heavy forest of pine, spruce 
and fir. The stream flows through a 
narrow gulch with high and steep slopes 
on either side enhancing the deep shade, 
and after two hours riding through this 
defile we were glad to emerge into the 
wider valley of Young’s Creek, a stream 
about fifty feet in width at the ford 
where the water came to the horses’ 
knees. The bottom at this point, about 
lialf a mile in width, is scantily covered 
with lodgepole pine or treeless, except 
for the thicket of alders, w^illow^s and 



POX»S CABIN IN THE SOUTH FOEK VALLEY . 
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THE CAMP AT BIG PRAIRIE 

Forest of yellow fine and western larch in the backorocnd. 


cottonwood that fringes the creek. A 
mile or two beyond the ford brought us 
to the camp in a grove beside the stream. 

The day was far spent, but we still 
had an liour or more before dinner and 
plenty of work to fill it. The collections 
had to be put away and the field notes 
written up. Often this work carried 
over into the candle light. Every day 
brought its additions and the accumula- 
tion of material in the presses required 
attention. Most of our collections were 
made along the trail from early morning 
until mid-afternoon or later, with an 
average march of fifteen miles a day. 
As the trails traverse varying soil condi- 
tions, exposures and altitudes the record 
of the plant life as seen on either hand 
affords a sort of huge belt transect cross- 
ing mountain ranges and valleys. Con- 
sidering the large area of the new ter- 


ritory and the short time available a 
passing view of the vegetation was pre- 
ferred to a more intensive study of a 
small locality. 

The next stage of the journey took us 
twelve miles to Big Prairie. Big Prairie 
ip a treeless flat several square miles in 
extent lying in the broad valley of the 
river. Here and there groves of yellow 
pine and the lodgepole forest encroach 
upon its margins. Along the river are 
found western larch, Engelmann spruce 
and Rocky Mountain juniper. The 
prairie, with its bunch grass, sagebrush 
and shrubby cinquefoil (Diisiphora fru~ 
ticosa)f is distinctly arid transition, 
while the Canadian zone is roprespnted 
by the lodgepole and spruce. The snow- 
berry {Symphoricarpas racemosa) and 
Rhamnus alnifoliq. are plentifully repre- 
sented. The floor of the valley breaks 



BOTANICAL EXPLORATIONS 


243 


abruptly in steep slopes which rise in 
rugged walls to elevations of 7,000 feet 
or more, heavily wooded from the base. 
The cast and north ejcposures are espe- 
cially favored, where lichens {Peltigera 
and Cladonias) abound in the forest duff 
and rattlesnake plantain (Peramium 
menziesii) and Pedicularis rucemosa are 
plentiful. 

Like all streams of this mountain 
region the Soutli Pork of the Flathead 
I)ursues its way over rock ledges, sand 
bars and beds of gravel and boulders. 
At Big Prairie it is sixty to one hundred 
feet in width, shallow, but crystal clear 
in the deepest pools, abounding in beau- 
tiful trout. The black cottonwood 
{Popidus irichocarpa) is the principal 
deciduous tree of the banks along with 
numerous shrubby willows. Thickets of 
cornel {Corniis stolonifera) are fre- 
quent. Herbaceous life along the 
gravel-strewn shore includes an onion 
(Allium sibirtcum)j low firewced (C/ia- 
juaenerion subdent atum) ^ Oalium bore- 
ale and mint {Mentha canadensis) in 
vigorous flowering condition. 

At Big Prairie, according to previous 
arrangement, the party divided. The 
botanical contingent, with two packers, 
Murphy and Muchmore, and ten horses 
proceeded on a more extended trip, 
while the geologists elected to explore 
for fossils the Devonian and Mississip- 
pian deposits of the neighborhood. Ac- 
cordingly after a couple of days at Big 
Prairie we pulled out northward, with 
the mouth of White River as our first 
objective. White River enters the South 
Pork from the east, but most of its 
course is parallel with the other stream 
flowing southward in the heart of a great 
syncline until, about seven miles from 
its mouth, it 'swings directly west to a 
junction with the Sout^ Pork. The 
white limestone gravels of its broad bed 
are conspicuous and when viewed from 
a high lookout are traced with ease for 
a great distance. 


One of the notable plants of the broad 
gravel bars and sand flats were the fre- 
quent mats of Drycts octopetala, now 
mostly past its fruiting stage. Meadows 
and swamp areas in this locality yielded 
the best collections of Aster, Erigeron, 
Agoseris, Heracleum, Angelica and other 
genera. Here also the flats, treeless or 
with occasional yellow or lodgepole 
pines, were common. 

The morning of the 29th found us 
early in the saddle with thirty miles to 
go to the evening’s camp. Our trail fol- 
lowed White River to its source. In 
places of precarious and even dangerous 
footing we found it safer to lead than 
to ride our horses. For many miles the 
trail led through a burned forest with 
its usual scene of devastation, but as we 
gained elevation we had an unobstructed 
view of the rugged landscape. On our 
right the land sw^pt up in gradual 
ascent to the Continental Divide and to 
our left fell away to the bed of White 
River. For considerable distance it was 
a river in name only, disappearing com- 
pletely under its gravels and reappear- 
ing suddenly in full view. Later our 
trail emerged on a flat area known as the 
'^Meadows,” where rather scant grasses 
and sedges were cut by dry water- 
courses fringed by low willows and 
dwarf birch {Betula glandulosa). The 
river had now dwindled to a mere brook. 

So far our ascent had been easy and 
gradual, but suddenly the trail left the 
stream and led us eastward. By a series 
of ‘‘switchbacks” or zigzag turns we 
began to climb the divide and for an 
hour or more ascended steadily a rather 
stiff grade. The lodgepole disappeared 
and the whitebark pine became general 
in its orchard-like formation. Suddenly 
as we topped a spur we looked over into 
a grove of LyalLs larch and knew that 
we were not far from 8,000 feet. A few 
rods farther and we stood on the Conti- 
nental Divide. The aneroid indicated 
7,900 feet. We now dropped rapidly 
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on to the MiHsnuri drainage at the head 
of Moose Creek, a tributary of the Sun 
River. 

Our view of the main range of the 
Rockies from the White River canyon 
had presented no features of special in- 
terest. Immediately, however, on gain- 
ing tlie crest a thrilling view was 
unfolded to our gaze. The eastern face 
of the divide dropped perpendicularly a 
thousand feet and reached away south- 
ward mile upon mile. These huge cliffs 
of limestone, known as the '‘Chinese 
Wall,’' arc the edges of strata dipping 
to the valley of White River. They 
vary in alternate promontories and shal- 
low bays, the former rising as peaks 
along the crest. It was a magnificent 
view which gained in impressiveness as 
we made our way around the end of the 
wall and down under its broadening 
shadow at the close of the day. 

It was sundown at four o’clock, but 
the next morning the sun rose over the 
rim of the world at six and looked 
straight into the door of our tent, a 
unique experience in the mountains 
where camp is usually made in a hollow, 
where shadows lie late in the morning 
and come early in the evening. The day 
was spent here in working over the old 
collections and adding new. Our climb 
to the top of the divide at one of the 
lower gaps was rewarded by one of the 
finest views of the trip. Here at some- 
what over 8,000 feet there spread out 
before us a wild expanse of canyons and 
peaks as far as the eye could reach. 

A burned forest covers the western 
slope almost to the crest of the ridge. 
The wind-swept top of the divide bore 
only dwarf vegetation represented by 
draba {Drdba andina) closely nestled 
among the loose stones and of much the 
same color. Arctoste^hyhs (Upina 
spread in close mats over the rock. In 
the lee of the top, on the east side, golden 
buckwheat {Eriogonum Piperi) was in 
full bloom, also columbine (Aquilegia 


flavescens)^ cinquefoil (Poientilla per- 
dissecta), Senecio Purshianus and Fes- 
iuca rubra. On the lower ground the 
dominant almost sod-like association of 
bear grass prevailed. In wet places 
clumps of Erigeron sahuginosus and 
Senecio triangularis were frequent and 
one of the most abundant plants was the 
beautiful gentian {Gentiana calycosa), 
opening fully only in the bright sun- 
light. Engelmann spruce and sub-alpine 
fir were almost the only trees. 

The next morning saw us again 
mounted. Our way now w^as not defined 
by trail but, guided by landmarks, we 
hoped to make our way to the west 
branch of the South Fork of Sun River. 
Keeping close under the wall between 
the forest and the cliff progress was 
made without much difficulty. But the 
countiy grew rougher as we advanced 
and became a succession of ridges and 
basins at the heads of various small 
streams. 

Here one of the most interesting 
events of the trip transpired. We were 
now in the Sun River Game Reserve and 
were alert for a sight of the big game, 
signs of which had been visible for days 
past. Suddenly the packers signalled 
that elk were near. Stopping the pack 
train and dismounting we cautiously 
made a short, detour to the left. We suc- 
ceeded in getting within a stone ’s throw 
of some of the baud before they took 
fright. Several of them stopped and 
gazed at us. Tlie country having been 
burned over there was little obstruction 
to vision and we stood fascinated by the 
wild and beautiful scene before us. As 
the herd moved off aefoss a wide canyon 
beyond We counted well up towards 
forty, and others that we could hear but 
not see left little doubt that there were 
fifty or more. The mating season was 
drawing on and the bulls were in full 
horn. Their calls rang bugledike across 
the wide canyons. There are said to be 
about 4,000 dk in this reserve, and they 
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ACROSS THE VALLEY OF WHITE RIVER 
Looking west erom the Continental Divide. Picture taken from an altitude of 8,000 feet. 


are multiplying so rapidly as to be an 
encumbrance to the range. Conse- 
quently, the reserve was thrown open 
recently for a limited amount of hunt- 
ing. 

Wc made our way back to the horses 
in high spirits over this experience. But 
we were still further rewarded by the 
view of mountain goats alohg a ledge of 
the wall. They paralleled our course for 
some distance and then disappeared. 

Finally wo topped another high ridge 
and, turning our backs on the wall, de- 
scended one of the branches of Bed Butte 
Creek, followed it to the forks and 
ascended the other branch toward a sad- 
dle which we had had in view for some 
time. Pulling up this about forty-five 
degree slope was the steepest ascent we 
experienced. 

Dropping down on to Indian Creek 
along an old, abandoned trail, our way 
led through a bum of ten to fifteen years 
ago. The roots of the dead trees were 
rotting and thousands of trunks wore 


thrown in all directions. We had liter- 
ally to hew our way through and were 
hours making a few miles. A burn in 
this condition is always a dangerous 
place and that night in our safe camp 
on the West Fork a storm swept over 
and we were very thankful that we had 
got through. The vicissitudes of a steep 
and dangerous trail and the labor of 
^.threading through a maze tim- 

ber left us no time here for"^ collecting, 
so we decided to remain over a day and 
work the locality, which proved rather 
fertile. 

The West Fork is more prolific in the 
operations of beavers than any other 
stream in the writer's experience. It is 
a shallow creek of twenty to forty feet 
in width, not too rapid and with low 
banks. Such conditions make building 
easy and a dam of four or five feet will 
sometimes impound water enough to 
cover several aci^es. Tall cottonwoods up 
to two feet in diameter are felled by 
these industrious rodents and various 
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other woody growth along the banks is 
requisitioned and cut up for their pur- 
poses. 

Such beaver ponds induce certain 
changes in the vegetation, first in a retro- 
gressive, then in a progressive succession. 
The flooding of an area soon kills the 
trees and other vegetation upon it. 
Eventually tliese conic down, floods and 
freshets sweep sand and silt into the 
j)ond, grasses and sedges spring up about 
its margins and after a varying lapse 
of years a meadow' results. The meadow 
is not tl:e final stage*, of the succession 
but the most obvious one. Willow's, 
birch and cornel come in and spruce may 
follow as a climax. Or the silting proc- 
ess, if rapid, may so change the quality 
of the soil that drier conditions may in- 
tervene and change the character of the 
succession. Seldom if ever in this prog- 
ress does peat moss appear. A sedge 
(Carex rostrata) is usuallj' the dominant 


member in the early invasion of the 
ponds. In many places it is practically 
])urc. Or grasses like Alopecurus and 
Ueckmimniu appear, and later, as the soil 
accumulates, Panicularia elata, J uncus 
xiphoides, J. confusus, or Carex Mer- 
tensii and other herbaceous plants vary- 
ing wdth the location but not especially 
characteristic of the succession. 

Another day brought us to Lakeside 
after a short ride of ten miles. An un- 
occupied cabin, a deserted camp and a 
corral in a. grove of lodgepole pines at 
the border of a small prairie is all that 
is visible of Lakeside where the West 
Fork joins the South Fork. Our trail 
thither followed the stream at a litlle 
distance above it and along the foot of 
Prairie Keef a largely treeless elevation 
facing the south. The point of chief in- 
terest here w'as the aspen thickets scat- 
t(^rcd over tlie landscaf)c. The trees were 
slender saplings twelve to fifteen feet in 
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height in island-like groves influenced in 
their occurrence by the presence of 
springs or seepage. They presented a 
very striking appearance as if pruned 
below to a uniform height of about seven 
or eight feet from the ground, due to 
the winter browsing of the elk. Every- 
where within sight this feature presented 
itself with characteristic uniformity. 
Occasional patches of sage (Arleniitiia 
iridcniata) appeared, indicative of the 
dry conditions, and along this trail we 
found the first specimens of the silver 
berry {FAuvagmis aruvntfa) . The conif- 
erous growtli in favorable spots consisted 
largely of lodgepole and some yellow 
pine, but on the bluffs above us appeared 
a scattering growth of limber j)ine (P. 
jkxilk). 

Turning sharply here we proceeded 
southward, awoending the South Fork of 
the North Fork of Sun lliver. This 
stream, somewhat greater in volume than 
the West Fork, runs almost parallel for 
much of its course with the Continental 
Divide and at a distance of two to four 
miles. Our altitude at Lakeside was 
about 5,000 feet, but gradually rose to 
near 5,800, where we eam])ed at Well- 
man late in the afternoon, having trav- 
eled some fifteen miles, This trail passes 
alternately through areas of green and 
burned timber, lodgepole mainly in both 
cases. Here over considerable areas the 
mature lodgepole pine was associated 
with a dominant grass {Calamoriirostis 
svribneri) as a ground cover. Along the 
streams cottonwood {Populua amgusii- 
folia) and willowa (Salix McCallmna) 
(<Sf. ducolor) predominate. Tn its ma- 
ture form this cottonwood very closely 
resembles the black cottonwood (Pojmlus 
trichocarpa) of the Pacific slope, but the 
loaves are narrower. 

After a night at Caloip Wellman we 
continued for a mile or two along the 
stream and then swung to the right up 
one of the spurs toward the Divide. 
Just before reaching the summit and at 


an altitude of 7,500 feet or more we 
came upon the white Rhododendron 
(Rhododendron alhiflorum). This was 
a decided extension of range for this 
shrub, as it had not hitherto been re- 
ported in Montana except from one sta- 
tion in the Mission Mountains (Mt. Mac- 
Donald), although previously found by 
the wTiter in various places in the Bitter 
Root Range. 

The trail here follows the Continental 
Divide for some miles until it comes to 
the three-w 7 iy ridge which separates the 
waters of Sun River on the east and 
those of the Blackfoot and Flathead on 
the west. Soon after reaching the top 
we came unexpectedly upon the party 
we had left at Big Prairie. We immedi- 
ately joined forces and, making our way 
along the crest, crossed the summit of 
Benchmark Mountain at 8,522 feet, and 
descended on the Sun River side a few 
hundred feet to a grove of trees near 
a tiny stream, where we made camp. 
Above us tow^ered the precipitous wall 
of the northwestern shoulder of Scape- 
goat Mountain. 

Again we crossed the Divide and de- 
scended into the South Fork valley to 
Willow ('reek. Most of the way led 
through green forests, mostly of lodge- 
pole pine, until we emerged at the bot- 
tom upon an open grassy flat with some 
sage and shrubby cinquefoil and occa- 
sional groves of pine. Here we laid over 
a day, giving time for some observations 
and collections. 

Small streams traverse this basin on 
the way to the South Pr^k some miles 
below. Here we have one of the most 
extensive areas affected by beaver work- 
ings. This may cover a total of a square 
mile or more in extent and exhibits early 
and late phases of the succession, stand- 
ing water, the sedge phase, the willow 
and birch association, etc. Many acres 
are covered now^ wdth ^ uniform growth 
of willow, only two species observed 
(Ralix McCalliana, S. suhooerulea) and 



250 


THE SCIENTIFIC MONTHLY 


Birch (B. glandulosa) about five to six 
feet high. The animals are still indus- 
triously trying to reclaim their pond and 
are succeeding in throwing the water 
back again over much of the ground once 
lost to the vegetation. Where the ground 
is bare the coal-black soil of almost 
pure vegetable origin is exposed to view. 
Here again Car ex vast rata is the domi- 
nant plant in the first invasion and cov- 
ers a considerable area in a pure stand. 

From here we turned again toward 
the Blackfoot Valley and took our way 
up Danalier Creek, keeping the bluffs on 
our left and the willow flats on the right. 
Danaher Mountain loomed before us, a 
rugged mass. We rose by insensible de- 
grees, and readied the pass at the low 
elevation of 5,400 feet. So wide and flat 
is this remarkable pass that the first in- 
timation that we had of having crossed 
the .summit was in observing the reversed 
direction of the stream flow. Descending 
by stages as gradual as those by which 
we had ascended we came soon to the 
Dry Fork of the Blackfoot River. For 
miles the bed of this river is entirely dry, 
strewn with smooth stones and gravel, 
the stream flowing below the surface. 

Camp was made on the North Fork of 
the Blackfoot a short distance below the 
falls. All day the sk>" had been dull and 
lowering and sprinkles of rain now fell 
at intervals. We had scarcely made 
camp safe for the night when it began to 
rain in earnest. It rained much during 


the night and at some place above us 
must have assumed the proportions of a 
cloudburst, for in the morning the 
stream, usually clear as crystal, now ran 
full, turbid and yellow. Here of course, 
on the last morning of the trip and 
under conditions least agreeable for such 
a circumstance, our usually well-behaved 
horses had taken the notion to strike out 
for parts unknown. The packers were 
early astir, but it was ten o^clock before 
the bunch were rounded up. 

The trail from this point follows the 
river most of the way, although often 
forced up the mountain and around 
bluffs here and there with precarious 
footing in loose and sliding talus. Much 
of the way is through green forests that 
have escaped the ravages of fire. The 
big tamaracks and yellow pities again 
appear as on the Monture some distance 
to the west. Passing this belt we enter 
once more the agricultural country some 
seventeen miles from Ovando and our 
trip was virtually at an end. 

We emerged abruptly upon the Klein- 
schmidt Flats. Winding in and out 
among the pines is an old wagon road. 
Autos were awaiting our arrival and as 
the need of the horses was now over, we 
transferred their loads to a truck and 
dismissed the packers. A hot supper 
and a night ride to Dvando closed the 
day. We had swung around a loop of 
nearly two hundred miles. 



LAMARCK AND THE EVOLUTION THEORY 


By ProfesBor RALPH F. SHANER 

UNIVEKSIl’Y OP ALBERTA 


Fkw of the recent articles on evolu- 
tion mention any name older than J)ar- 
win. Perhaps this is well : we have 
enoujjth to regret in the present (rontro- 
veisy. The omission is evidence, just 
the same, of a general belief that the 
modern evolution theory began with 
Darwin, and that all earlier writers pos- 
sess only historical interest. 

There is indeed a sharp distinelion be- 
tween the m(»derii theory and those j)ro- 
posed before it. The line should be 
drawn, however, not when the “Origin 
of Species” apjteared, but just fifty 
yeare earlier, when Lamarck published 
his “Zoological Philosophy.” 

Lamarck aiiproachcd the evolution 
question near the close of a singularly 
fruitful scientific career. Up to the age 
of fifty, he occupied himself exclusively 
with botany. Then, in 1793, the Mu- 
seum of Natural History in Paris was 
reorganized. Lamarck was transferred 
to an utterly new field and appointed 
“professor of zoology, insects, worms 
and microscopic animals. ” At a time of 
life when most scientists arc content to 
glean the stubble of more fruitful years, 
Lamarck began the study of the least 
known part of the animal world. He de- 
termined the position and affinities of 
thousands of forms, improved the exist- 
ing classification of Linnaeus and Cuvier 
and laid the foundation fqr invertebrate 
paleontology. 

With the growth of his knowledge of 
vegetable and animal life, Lamarck 
reached the point when he could no 
longer harmonize the ^acts with the pre- 
vailing doctrine of the fixity of species. 
In spite of opposition and ridicule, he 


became an evolutionist. His beliefs are 
set forth in several works, but perhaps 
most fully in his “Zoological Philoso- 
phy,” published in 1809. In this work 
liamarck attacks the problem that Dar- 
win attempted to solve a half century 
later. 

The “Zoological Philosophy” is gen- 
erally considered a c]as.sic work. Like 
most classics it is seldom read. For this 
the modem student can plead some ex- 
cu.se. The book contains considerable 
superfluous matter — at lea.st when 
judged by modern standards .so much 
so that the reading of it. in the original 
French is an exhausting undertaking 
for the average doctor of philosophy. 
In addition Lamarck’s style of presen- 
tation belongs to a past era in scientific 
literature. For those who wish to know 
more of the book than the stock quota- 
tions atTord, the language ohstacle has 
been cleared away by an exc(;llent and 
ver\’ readable translation made by Hugh 
Elliott.^ The following abstract of 
Laman*k’s argument, given as far as 
])0.SRible in extracts from his work, but 
rearranged in a motlern onler, will show 
the nature of his theory of evolution and 
its place in scientific thought. Since 
Elliot’s tromslation is more accessible 
than the original and his rendering of 
Lamarck’s wonls better than any I can 
ofiPer, I will quote from the translation. 

To begin with, Lamarck had a clear 
conception of the uniformitarian prin- 
ciple. He believed, as we do to-day, 
that all events in past world historj' can 

1“ Zoological PhiloBophy, ’ ' by J. B. La- 
moTok ; translated, with an introduction, by 
Hugh Elliot, Macmillan and Co. 1914. 
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be explained best as the result of the 
operation of present-day forces of na- 
ture. The prevailing view in Lamarck s 
time was ver>^ different. The school of 
Werner, then at the height of its popu- 
larity, solved all geological puzzles by an 
appeal to floods that might have stag- 
gered the imagination of the writers of 
Genesis, and by calling in a chemistry" 
as fantastic as medieval alchemy. Quite 
as popular were the Catastrophists, who 
laid the destruction of fossil fonns to 
great disasters which at one fime over- 
whelmed the world, utterly destroying 
ever>" living thing. Lamarck, however, 
took his stand with Hutton and Demar- 
e.st, and postulated the uniformitarian 
principle as the foundation for his evo- 
lution theory. 

Evrry qualified observer [Lamarek writes] 
knows that nothing on the surface of the earth 
romaina permanently in tho same state (p. 45). 

Naturalists who did not perceive the changes 
undergone by mo.st animals in the course of time 
tried to explain the facts connw*ted with fossils, 
as well as the commotions known to have oc- 
curred in different parts of the earth 's surface, 
by the supposition of a universal catastrophe 
which took placo on our globe. . . . 

But why are we to assume without proof a 
universal catastrophe, when tho better known 
procedure of nature suffices to account for nil 
the facts which we can observe! 

Oonsidor on ono hand that in all nature ^s 
works nothing is done abruptly, but that she 
acts tfveiy where slowly and by successive stages; 
and on the other hand that the spef.ial or local 
causes of disorders, commotions, displacements, 
etc., can account for everything that we observe 
on the surface of the earth, while still remain- 
ing subject to nature’s laws and general pro- 
cedure ... (p. 46). 

Darwin warmly acknowledged that it 
was Lyell who taught him to look for 
the cause of past changes among causes 
for change in the present, and thus 
started him on the road that led to evo- 
lution. Under far loss favorable condi- 
tions Lamarck attained a thorough grasp 
of the same prindplc, without which no 
evolution theory is possible. 

With Lamarck it is especially neces- 


sary to distinguish his evolution theory 
in the narrower sense ; i.e,, his concept of 
the fact or law of evolution, from the 
causes or factors which he thought 
brought about the process of evolulion. 
Lamarck does not separate the two very 
well, and subordinates the first to the 
second throughout his book. 

Lamarck’s conception of the law of 
evolution ho gives in Ihe following para- 
graphs : 

Nature has produced all the species of ani- 
mals in succession, beginning with tho most im- 
perfect or simplest, and ending her work with 
the most ]:)erfect, so ns to create a gradually in- 
creasing complexity in their organization : these 
animals have spread at largo throughout all the 
habitable regions of the globe, and every species 
has derived from its environmont the habits 
that we find in it and the structural modifica- 
tions which observation shows us (p. 126). 

We must first recognize that the genoral 
series of animals arranged according to their 
naAural affinities is a series of special groups 
which result from tho different systems of or- 
ganization employed by nature; and that these 
groups are themselves arranged according to the 
decreasing complexity of organization, so to 
form a real chain (p. 68). 

, Tlie chain series concept was, of 
course, not now with Lamarck, but the 
following modification is : 

I do not moan that existing animals form a 
very simple series, regularly graded throughout; 
but I do mean that they form a branching 
series, irregularly graded jand free from dis- 
continuity, or at least once free from it. . . * 
It follows that the species terminating each 
branch of tho genoral series are connected on 
one side at least with other neighboring species 
which merge into them (p. 37). 

Lamarck thought of the animal king- 
dom as a great family-tree; indeed he 
illustrates his idea with a crude tree. 
Now it is precisely this concept of a 
branching series that distinguishes the 
modem theory of evolution from all that 
precede it. To Lamarck falls the honor 
of adding this essential feature. 

The proofs for the law of evolution , 
are usually assembled into three groups, 
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to form the arn^ments fi’om comparative 
anatomy, from embryology and from 
paleontology, respectively — somewhat 
after tlie fashion of books on theism. 
Most of the evidence given by liamarck 
falls into the first group. 

The mutability of si)ecies suggest o<l 
itself to ljumarck as an explanation for 
the difficulties he encountered in his sys- 
tematic work. It should be noted that 
Lamarck, like Darwin, speaks of tlie evo- 
lution of species and genera. Modern 
writers seldom descend below the larger 
systematic groups in their discussion of 
the evolutionary process. 

The lilmost univ<»r»ally rcvoivcd belief [I^a 
marck wrings] in that living bodies constitute 
species distinguished from one another by im- 
changenblo characteristics, and that tho exis- 
tence of these species is as old as nature her- 
»olf (p. 3,1). 

Meanwhile, the farther we advance in our 
knowledge of the various organized bodies . . . 
the greater becomes our difficulty in determining 
what should Ik* regarded as a species, >uid still 
more in finding the boundaries and distinctions 
of genera. 

According as tho productions of nature ari* 
collected and our muwuinis grow richer, we 8<X’ 
nearly all tho gaps filled up and the lines of 
domarcatian oflTaced (p. 37). 

How many genera tliero are, both among 
plants and niiinials among which the number of 
species referred to them is so great that tho 
study and deU^rmination of theses s|)eci(w are 
well nigh imprncticablcl The species of these 
genera, arranged in sf'ries according to their 
natural affinities, exhibit such slight difforouces 
from those next to them as to coalesce with 
them. These species merge more or less into 
one another ... so that there is no means of 
stating the small differences that distinguish 
them (p, 37). 

Darwin records a similar experience 
in the “Voyage of the Beagle. “ As he 
saileti southward along the South Amer- 
ican coast he noted the gradual replace- 
ment of species by others closely allied 
to them* Later at the Qalapagos Islands 
he was struck’’' by the alight differences 
that separated the birds of the. several 
islands from eadi other and from their 


relatives on the adjacent mainland. The 
likenesses and differences were those 
found in the individuals of a human 
family, which everyone attributes to de- 
scent from a common ancestor. 

The other evidence given by Lamarck 
Tor the mutation of species is adapta- 
tion. Lamarck found that everywhere in 
nature animals seemed specially fitted to 
live wlicre they were found. He could 
not help but think that si)ecies had suf- 
fered mcKiification to fit them for their 
particular environment. 

The evidence that Lamarck assembled 
to justify his belief in evolution would 
all be included to-day in the argument 
from comparative anatomy. He cites tlie 
foetal tectli found in some whales and 
interi)rets tliem in accordance with his 
theory, but otherwise cmbryological evi- 
<leuee is lacking, ns one might expect 
from the state of that science before von 
Baer. Ijamarck could lean even less 
than Darwin on the infant science of 
])aleontology. Ho seems to have doubted 
that any species was really extinct, espe- 
cially of higher vertebrates. The ex- 
planation for this may be that Lamarck 
was best acquainted with the tlicn recent 
and sensational discoveries of Cuvier in 
the Paris basin. The rocks of this region 
arc of comparatively recent date gvo- 
logically, and aflTord fossil vertebrates 
closely allied to living fonns. 

The differences between fossil and liv- 
ing invertebrates, however, did not 
wholly escape him. He sugge.sts as an 
explanation : 

May it not bo possible on the other hand that 
the fossils in question l>elong to species still ex- 
isting, but which have changed since that time, 
and l^ecome converted into similar species that 
we now actually And (p, 45). 

So much for Lamarck’s conception of 
the fact or law of evolution, and the evi- 
dence he brought forward for it. As 
has been said, he devoted but a small 
part of the discussion to this part of his 
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theon^ and was chiefly concerned to sug- 
gest and establish the causes or factors 
by the operation of which the evolution- 
ary process was brought about. These 
causes or factors are Lamarck best 
known contribution to the general evo- 
lution theory, and are linked with his 
name, as natural select ion is with that of 
Dar\\un. 

The primary factor Lamarck thought 
to be some unknown cause which im- 
pelled living matter to become more 
complex in structure and function. To 
this cause he refers only vaguely and in- 
directly. The cleai*e8t reference is in the 
following sentences : 

If the factor which ia incessantly working 
towards complicating organization were the only 
one which had any influence on the shape and 
organs of animals, tho growing complexity of 
organization w^ould everywhere bo regular. But 
it is not; nature is forced to submit her works 
to tho influence of eiivironmcmt, and this en- 
vironment everywhere produces variations in 
them (p. 69). 

The paragraph just quoted is worth 
emphasis, for it has been overlo<jked by 
tho majority of writers on Lamarck 
theor^^ Exactly what Lamarck had in 
mind is hard to say. Osborn thinks that 
Lamarck did not contemplate a “per- 
fecting tendency, “ and nothing else- 
where in the text suggests that ho did. 
Perhaps Tjamarck thought that the effect 
of environment would not be more than 
to produce lesser adaptations in x^re- 
existing forms, and that the produciion 
of radically different types, such as am- 
phibia from fishes, would require a cau le 
quite independent of environment. 

A far more important cause of evolu- 
tion, to Lamarck, was the interaction of 
the Species and its environment. This 
factor he explains and illustrates in con- 
siderable derail, and formulates into his 
well-known laws. In the “Zoological 
Philosophy,’^ these arc two in number. 

First law. In every animal which has not 
passed tlie limit of its development, a more fre- 


quent and continuous use of any organ gradu- 
ally strengthens, develops and enlarges that 
organ, and gives it a power proportional to the 
length of time it has been so used; while tho 
permanent disuse of any organ imperceptibly 
weakens and deteriorates it, and progressively 
diminishes its functional capacity, until it 
finally disappears. 

Second law« All tho acquisitions or losses 
wrought by nature on individuals througli the 
influence of the environment in wliich their race 
has long been placed, and hence through tho in- 
fluence of the predominant use or permanent 
disuse of any organ: all these are preserved by 
reproduction to the new individuals which arise, 
provided that the acquired modifications are 
common to both sexes, or at least to the indi- 
viduals which produce tlic young (p. 11.3). 

The evidence, or lack of it, for th^'se 
laws need not be discussed here. It 
sliould be noted that the laws as they 
read in the “Zoological Philosophy’’ 
make no provision for the origin of ab- 
solutely now organs. In a later woric 
Lamarck expands his two laws into four, 
the second of which provides for this 
omission, and, as given by Osborn, reads: 

The production of a new organ or part re- 
sults from a new need or want, which continues 
to be felt, and from tho new movement which 
this need initiates and causes to continue. 

One can not rise from the reading 
of the “Zoological Philosophy’’ without 
wondering why it failed to impress the 
generation to which it was addressed 
and has been imperfoctly understood 
ever since. 

’Tlie contemporaries of Lamarck were 
dominated by catastrophic geology on 
one hand, and by the fag end of the Lin- 
nean era on the other. A modern evolu- 
tion theory and eighteenth century geol- 
ogy are utterly incompatible. Neither 
would enthusiasts for classification wel- 
come such slippery things as mutable 
species. Lamarck’s first task should 
have been the methodical accumulation 
of evidence to prove that tvolution really 
has taken place. Instead he did little 
more than summarize his personal im^ 
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pressions. Then, taking tlie law of evo- 
lution for granted, he devoted his time 
to the discuiijaion of the causes which 
might bring evolution about. His read- 
ers, decidedly not convinced of the real- 
ity of evolution, would not seriously en- 
tertain arguments for its causes. To 
make matters worse, moat of the argu- 
ments that l^amarek advances for his 
causes of evolution are really illast ra- 
tions and hence only concrete restate- 
ments of his thesis. A rigid pr(K)f of his 
laws transcended the knowledge of his 
day, as it still docs ours. 

To-day Lamarck is recognized as a 
scientific genius of the first order, the 
greatest figure between Aristotle and 
Darwin. Yet he is continually danuied 
with faint praise. Eulogies are nearly 
always mixed with detractions. The 
credit for the uniformitarian concept 
has properly gone to Hutton and Lyell 
who gathered the evidence to prove, it. 
For the same reason the glorv’ for estab- 
lishing the law of evolution has gone to 
the generation that followed Lamarck. 
Attempts have been made repeatedly to 
withhold credit from Lamarck for the 
laws or factors which are his chief con- 
tribution to biological thought. As is 
well known, Erasmus Darwin expresswi 
substantially the same ideas a few years 
before Lamarck published. Darwin’s 
statements are scattered here and there 
through the “Temple of Nature” and 
two other poems, and are vaguely 
sketched in a medical treatise entitled 
“Zoonomia.” Despite any direct evi- 
dence, it has been insinuated more than 
once that Lamarck borrowed from Dar- 
win without giving credit. Darwin’s 
conception can be reconsttucted only 
after a laborious plodding through a 
mass of doggerel, and by picking out a 
sentence here and there in the chapter 
on Generation in the “Zoonomia.” 


After giving fullest credit to Erasmus 
Darwin’s stimulating originality, surely 
.some ought to be left for an independent 
thinker who worked out the same posi- 
tion and, in addition, formulated it in 
clear, definite and intelligible fashion. 

No small part of the hostility to La- 
marck among present-day scientists 
arises from a priori objections ; different 
of course from those that closed minds 
to him a eenturj' and a quarter ago, but 
l)erhaps just as unreal. Evolution was 
to I jamarek, as it was to Charles Darwin 
and Huxley, not so much a progress up- 
ward as an adaptation to a changing en- 
vironment. The three differed as to 
what part environment played, but all 
could agree that without a changing en- 
vironment there would have been no 
evolution. Now present-day zoological 
thought is dominated by experimental 
physiology and genetics. The undoubted 
.sucee.ss of the experimental method in 
both fields has led many to prefer an 
evolution theory that will work in I'acuo, 
or better in vitro, one that will operate 
w ithout regard to environment. Accord- 
ingly the evidence for adaptation in 
nature is ignored or denied, and evo- 
lution theories that include adaptation 
as an essential part, are opposed. Surely, 
the evidence of paleontology and of 
animal and plant distribution can not 
be ignored, even if it is not amenable 
to present-day experimental methods. 
When this is recognized a greater inter- 
est in Lamarck 's theory can be expected. 

The proof of Lamarek’s factors, like 
the proof of other proposed causes for 
evolution, is likely to be a long and ar- 
duous affair. Those who . believe that 
Weisraann has disproved or that Guyor 
has proved the essential part of La- 
marck’s laws alike overlook the inherent 
difficulty of paralleling in a laboratory 
what is, by hypothesis, a secular process. 
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Seventy years is no longer regarded 
as the age of a man ; we think now of a 
septuagenarian only as one who has be- 
gun his second maturity. Yet enough 
remains of the septuagesimal tradition 
that when a man reaches seventy we 
think it not inappropriate to pause and 
take stock of the things he has done to 
justify his length of days upon the earth. 
The recent anniversary of the birth of 
Dr. WiUiam Emerson ^tter called forth 
a group of communications from friends^ 
who have ivorked with him at various 
stages in his scientific career, and these 
were of such character as to make it seem 
worth while to gather up their spirit and 
set it forth briefly in one place. 

The stories of Dr. Ritter’s coworkers 
begin with his coming to the University 
of California almost forty years ago, but 
the roots of his life as a scientist go much 
deeper than that. They apparently go 
back to the fundamental stuff of his 
mental makeup, and have been a part of 
him since he has had being at all ; at any 
rate Dr. Ritter says that he can not re- 
member a time when he was not inter- 
ested in the things of natural history. 
As a boy on his father’s pioneer farm in 
'Wisconi^, he “could not step over a 

iProfeifon 0. A. Eofoid and fl. J. Holmei, 
of the tTnlTorilty of OaUforala,' Proftiaor F. B. 
Sunmer, of the Serippa Initltute for Oceanog- 
raphy, Dr. J. McKeen Oatt^, as ehairman of 
the Xiaentlve Ooausltteie of Salenee Sarrloa, 
Praeident B. If- Hoghea, pf Miami Univeraity, 
Dr. Bdna Wataon Ballsy, of the Unlrarslty of 
Oallforala» aad Mr. H. L. Smlthton, friend and 
b n i l neae aaapaUte of the late Mr. E. W. Serippa. 


bone of a dead animal lying in the woods 
without stopping to examine it.’’ 

His first sally into the world of learn- 
ing was made as a schoolmaster. The 
eaily days of the last quarter of the 
nineteenth century were exciting times 
for schoolmasters of a scientific turn, 
with the echoes of the first battle over 
evolution still sounding around the 
world, and the first giants of the modem 
dispensation of science in America strid- 
ing among their startled brethren of the 
classics and the humanities on university 
campuses. Some of Joseph LeConte’s 
writings fell into young Ritter’s hands, 
and he went over the mountains forth- 
with, to search for this new kind of gold 
in California. 

In those days all the natural history 
sciences at the University of California 
were lumped into one department and 
Joseph LcConte was their sole teacher. 
A few of the young men who came to 
him found they were more interested 
in living beings than in the story of 
the stones, and they began to oolleot 
and dissect and to roam the bills and 
beaches on their own account. The yield 
of these first efforts in practical natural 
history at the University of California 
was a rather remarkable group of natu- 
ralists ; besides Ritter there were John 0. 
Merriam, Theodore S. Palmer, W. L. 
Jepson and a bit later S. J. HiJiiim, 
Frank W. Bancroft and H. B. Torr^. 

His first degree in sdonoe out of l^e 
way, Ritter did three very important 
thin^: took charge of the work in lo- 
267 
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ology at the University of California, 
married Mary E. Bennett and went east 
to study more zoology at Harvard and 
incidentally to take his doctorate there, 
continuing afterward abroad, at Liver- 
pool, Naples and Berlin. The first step 
cut out his first big task for him, that of 
organizing zoology at his alma mater; 
the second and. third equipped him for 
this as well as for later tasks. 

That he went to Harvard for his 
graduate work is significant for more 
than his formal training in zoology. His 
period there was during the heyday of 
the group of great Harvard philoso- 
phers. Having something of a constitu- 
tional weakness for the views of philos- 
ophy the exposure at this time and the 
later exposure to the same views through 
the Philosophical Union at the Univer- 
sity of California brought on finally the 
disease of dissatisfaction in about equal 
degree with all varieties of subjectivistic 
metaphysics, on the one hand, and all 
varieties of materialistic metaphysics on 
the other. 

Restoration to spiritual health came 
at last in the organismal conception of 
life combined with the natural history 
method of philosophizing. Some of the 
fruits of the intellectual clarification at- 
tained have been various books and jour- 
nal articles, and various building opera- 
tions, fashioned in accordance with the 
ideas elaborated in these writings. 

Thus equipped and with such an out- 
look he found himself plunged into his 
work as the first teacher of laboratory 
zoology on the American Pacific coast. 
With all the rest he carried on a solid 
amount of research work, largely on as- 
cidians and enteropneusts. He founded 
and edited the university series of pub- 
lications in zoology, took a prominent 
part in reorganizing and revivifying the 
California Academy of Sciences, and 
shared in various scientific expeditions. 
It was a crowded dozen years. 


The beginnings of one of the major 
enterprises of Dr. Ritter’s whole life- 
work were taking form during this same 
congested period. They are best told by 
his colleague and friend of many years, 
Professor Charles A. Kofoid, of the de- 
partment of zoology. University of Cali- 
fornia. In an unpublished article, pre- 
pared for this birthday celebration, Dr. 
Kofoid says, in part: 

As early as 1900, Professor Bitter was cast- 
ing about for ways and means for starting a 
marine station on the Pacific Coast which should 
serve the universities of the Pacific Coast as 
Naples had served those of Europe, or Woods 
Hole the colleges and universities of the East. 
In the summer of 1901 he gathered about him 
at San Pedro in an old bath-house transformed 
into a laboratory a group of his colleagues and 
students from Berkeley. The Oldroyda, the 
conchologists, came down from their truck 
farm, and teachers from the Normal School and 
high schools, the professor of anatomy from 
an osteopathic institution all joined with a will 
in a never-to-be-forgotten biological ‘‘baile’’ 
which lasted aU summer. An improvised dredg- 
ing outfit worked by hand and back was out- 
fitted in the Elsie, a forty-foot gasoline launch, 
and with this and 200 fathoms of cable, a deep- 
sea thermometer, a plankton net, we attempted 
to explore the continental shelf from the Coro- 
nados to Catalina, with the aid of the osteo- 
path 's sturdy muscles. 

The final result of this infant enterprise is 
to be seen in the Scripps Institution for 
Oceanography. The maimer in which this was 
accomplished is one of the all-too-few romances 
of science. Unappalled by the inevitable defi- 
cits at the close of each season, Dr. Bitter never 
gave up for an Instant his dreams that the way 
could be found to make the enterprise a per- 
manent one. In the summer of 1903 the Ban 
Diego Chamber of Commerce at the instigation 
of Dr. Fred Baker, of Point Loma, undertook 
to finance by local subscriptioii a summer's 
work of the University Marine Station. Two 
of the principal donors to the meager fund were 
Mr. E. W. Scripps, of Miramar, and his sister, 
Mise Ellen B. Scripps, of La Jolla. 

These two donors had been long associated 
in newspaper and news -gathering enterprises^ 
and their interest at first was only that of gen* 
erous public-spirited supporters of a local enter- 
prise. Out of this relation, however, there grew 
up from the very first a close and ever en- 
larging intellectual attachment and personal 
friendship between Dr. Bitter and these dononu 
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The attaehmexit between the men reeted upon a 
mutual understanding of certain rather deep- 
seated motives which guided these two men, 
who otherwise differed greatlj in almost all 
particulars. The one was a masterful, domi- 
nating man of affairs, with a largely assumed 
indifference to culture and refinement, but 
withal with the keenest of intellectual grasp 
of the world's thought and life, and, under 
the mask of realism, a great idealist. The 
other came from the academic shades with the 
aspirations of the idealist and a program devoid 
of all immediate practical implications. The 
two had this in common, both were inquirers, 
both were earnestly seeking the truth, and both 
were believers that the truth, science, would 
set men free, if men could only come to know 
the truth. 

The fiwt Bitter-Scrippa undertaking 
was the founding of what is now the 
Scripps Institution for Oceanography, 
at La Jolla, California. In this they had 
the active cooperation, as well as the 
very considerable material support, of 
Miss Ellen Browning Scripps. The 
‘‘Scripps Institution for Biological Be- 
search of the University of California” 
resulted. It was designed as a year- 
round institution, with a permanent 
staff of full-time research workers. 

Here was in germ an institution with 
a program of research on the life of the 
Pacific Ocean the carrying out of which 
would require a lot of team work. Fun- 
damental investigations were the aim 
which no individual working alone could 
possibly compass. Hence the necessity 
for a salaried staff elected with reference 
to their special but correlated tastes, and 
traininga 

At the beginning, terrestrial as well 
M marine biology was contemplated in 
its program ; but its location, if nothing 
else, inevitably caused the institution to 
look seaward ever more and more. For 
several years antedating his retirement 
as director. Professor Bitter considered 
such a modification of policy of the in- 
stitution as would make it more strictly 
oceanographic, with a corresponding 
change of name. 


His recommendation of such change 
was adopted by the regents of the uni- 
versity and a successor to the director- 
ship sought in accordance therewith. 
After many months of search for the 
right man, the post was accepted by Dr, 
T. Wayland Vaughan. Shortly there- 
after the name was changed to ‘‘The 
Scripps Institution of Oceanography,” 
the understanding being that oceanog- 
raphy should be construed in the broad- 
est sense. All aspects of the Pacific 
Ocean, both physical and biological, 
come at least nominally within the insti- 
tution’s research program. Thus, there 
now exists in vigorous infancy a full- 
rounded oceanographic foundation, the 
first in the Pacific area and in the West- 
ern hemisphere. 

The characteristics of this institution 
which have given its activities unity and 
coherence during a life of many changes 
in name, place and now in leadership, 
are best summed up in Dr. Sumner’s 
greetings from the Scripps Institution 
of Oceanography : ‘‘Despite the apparent 
unrelatedness and even incongruousness 
of the several branches of the institu- 
tion’s activities in past years, there have 
always been certain underlying ideas 
which brought them under a common 
viewpoint. For the Scripps Institution 
has had a creed, which its members 
have repeated with child-like faith, fol- 
lowing the words of their father-con- 
fessor. One of the articles of this creed 
has been the importance of studying the 
relations between the organism and its 
environment Another has been a recog- 
nition of the one-sidedness of either field 
or laboratory study, considered by itself, 
and the consequent need of combining 
the two for a proper understanding of 
vital phenomena. Still another has been 
the necessity of employing rigidly quan- 
titative methods, so far as these m&y be 
applieable. Finally, the organism itself 
has been wholeheartedly recognised as 
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haying a real existence, in its own right, 
and not merely allowed a provisional ex- 
istence, pending its analysis into chem- 
ical, morphological or genetic elements. 

“Now I think that most of us, at the 
institution, may fairly claim to have ac- 
cepted the foregoing as working prin- 
ciples. That the Scripps Institution has 
no monopoly of this particular set of 
principles may be really granted, but 
their explicit formulation for the prac- 
tical guidance of a research establish- 
ment was certainly novel.” 

While Dr. Bitter was still director of 
the Scripps Institution, Mr. Scripps 
conceived tlie possibility of an institu- 
tion for popular education in science 
through the daily press, in whose power 
he had great faith. Preliminary to a 
move in this direction. Dr. Bitter took a 
long swing around the circle of Ameri- 
can universities, sounding out scientific 
opinion. Things looked propitious, and 
so Science Service was called into being. 
For the new organization a board of 
trustees was formed, representing the 
National Academy of Sciences, the 
National Besearch Council, the Ameri- 
can Association for the Advancement of 
Science, the newspaper profession and 
the E. W. Scripps estate ; and Dr. 
Edwin E. Slosson was called from the 
editorship of the Independent to be its 
director. The results to date appear to 
give ample justification for Mr. Scripps' 
original idea, and the cooperation of the 
scientific world speaks well for its con- 
fidence in Professor Bitter and Dr. 
Slosson. 

We have Professor Bitter’s own word 
for it that the direction of his pene- 
trating eye and still more penetrating 
reflection toward human conduct was 
due largely to the continual insistence of 
his friend E. W. Scripps. “This 
damned human animal — ^what is hef” 
To the bystander it seems likely that the 
fact that Mr. Scripps asked that ques- 


tion at all was due to his association with 
William E. Bitter. It is hardly the 
ordinary thing to find a business man, 
a humanist and a philosopher of sorts 
turning to a biologist for information as 
to the ways of men. Something in Mr. 
Scripps’ knowledge of men — admittedly 
extraordinary — led him to feel that this 
particular biologist could interpret us to 
ourselves with sanity, science and com- 
mon sense, could he but be badgered into 
the undertaking. Mr. Scripps’ line of 
reasoning seems to have been: if scien- 
tific knowledge is useful and indeed in- 
dispensable to the most efficient making 
of glass and steel and houses and news- 
papers, it will in all probability be found 
to be equally useful and perhaps in- 
dispensable to the most effective conduct 
of all human affairs. In these he in- 
cluded, not just those humble affairs of 
getting food and clothing and curing 
ailments, but those high affairs of love 
of God and man, faith and hope and 
loyalty. 

Like other thoughtful men of affairs, 
Mr. Scripps was haunted by the Malthu- 
sian specter. He realized that much of 
the accepted doctrine concerning the 
increase of population and its problems 
is based on erroneous or insufficient 
data. To assemble adequate and trust- 
worthy information, on which to base 
decisions in the ecpnomic and social 
fields, the Scripps Foundation for Re- 
search on Population Problems was 
placed at Miami University, under the 
immediate direction of Professor War- 
ren S. Thompson. 

This mode of approach to the general 
enterprise of bringing science to bear on 
vital human concerns was. Professor 
Bitter insists, primarily Mr. Scripps’ 
own venture. But neither he nor Mr. 
Scripps felt that study of human society 
abne could solve the knotty problem cf 
what a single human being is, psycho- 
biologically considered. 
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Faced with this task, Professor Bitter 
began to apply his naturalist’s methods, 
as was his life-long custom. According 
to his own testimony, the naturalist’s 
best motto is: “Neglect nothing.’’ Ap- 
plied to a creature of the complexity of 
an amoeba, this constitutes a sizable life- 
work. Applied to a human being, the 
task is staggering. It has called for 
delving with patience and precision into 
an enormous mass of material Psychol- 
ogy. physiology, neurology, anthropol- 
ogy, sociology, with their many ramifi- 
cations, have been explored and made to 
yield tribute. An onlooker at these 
tremendous labors is aware of a very 
good reason why biologists have not long 
since dealt thus with humans. The mass 
of facts and interpretations of facts to 
be synthesized is so great that we shall 
not often find a mentality able to cope 
with the task, or a temperament willing 
to tolerate its appalling exigencies. The 
mass of material demanding attention 
now is enormous compared to that avail- 
able in Darwin’s time. It is cause for 
genuine satisfaction that Professor Rit- 
ter has done certain fundamental think- 
ing so thoroughly it need not be redone 
for some time. In the future, the human- 
ist seeking sound scientific foundation 
for his concerns will find safe conduct 
through a great mass of irrelevant infor- 
mation and fruitless theorizing, because 
one man with human sympathy and 
superhuman patience has so faithfully 
“neglected nothing.’’ 

Another well-established procedure of 
the naturalist has entailed for Professor 
Ritter still further labors, and has 
yielded him even richer returns in the 
way of insight into humanity than that 
achieved by his comprehensive study of 
men alone. The methods of compara- 
tive anatomy and comparative embryol- 
ogy are familiar to aU biologists for 
thdr fruitfulness. Men are to be under- 
stood as to conduct quite as they have 


long been understood anatomically. 
When we first made the acquaintance of 
the MSS of the “Natural History of 
Human Conduct’’ now in press, we read 
more or leas patiently through long 
analyses of the behavior of ants, of 
woodpeckers, of beavers; of elk, and 
trout, and mayfiies; but nothing at all 
as to the behavior of men, with whom the 
book was supposed to be specially con- 
cerned. It was a long while before we 
understood that when once we shall have 
achieved insight into the doings of wood- 
peckers and other folk, the key to the 
whole riddle will be in our hands. For 
a fuller explication of that riddle, we 
look to the next book, now approaching 
completion, “The Natural Philosophy of 
Homan Conduct.’’ 

But significant information as to 
human animals comes not only from 
brute animals, but from the human ani- 
mal himself while he is in the making. 
A new-born baby is anatomically pretty 
largely achieved; behavioristically, he 
has o^y entered the “gastrula stage’’ of 
his development. To study conduct in 
early childhood offers fascinating possi- 
bilities. The least exacting of environ- 
ments, permitting the greatest freedom 
of b^vior to children, is found in a 
modem nursery school. Professor Rit- 
ter’s latest venture has been the estab- 
lishment, in cooperation with another 
agency, of a Nursery School in Oakland, 
California. This institution is under 
the general direction of one of his former 
students, Edna W. Bailey. What glass- 
fronted aquarium tanks are to the ob- 
servation of eels and starfish, nursery 
school play-spaces are to the study of 
the youqg human animal; with the 
added advantage of freedom and “every- 
day-ishness’’ quite impossible to the im- 
prisoned sea creatures. There is no 
doubt that just this careful individual 
study through long stretches of growth 
will yield insight into' adult conduct. 
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exactly as honest and painstaking analy- 
sis of animal activities gave the clue to 
their significance for human activities. 

This lateat phase of Professor Ritter’s 
work is peculiar in that, while most of 
his life work has been directed toward 
pure science, this enterprise is concerned 
also with practical applications. Because 
of his insight into the nature of human 
capacity for regulating conduct with 
regard to organismal welfare, the results 
of these present observations are bound 
to be of arresting importance for educa- 
tion. Perhaps it is not at present justi- 
fiable to speak of education as an applied 
science ; but if the trail which Professor 
Bitter is now blazing is carried through 
to its goal, there will be available psycho- 


biological knowledge adequate to the 
creation of such a science. 

We are agreed without argument that 
'‘the race moves forward on the feet of 
little children ’ ’ ; we are willing to spend 
free-heartedly to smooth the road before 
these feet. To bring the great learning, 
the keen powers of observation, the sure 
logical mind, the fruit of a lifetime’s 
ripened scholarship, into the service of 
children, not merely to smooth the old 
road, but to strike out a new and safer 
way to more abundant life — that seems 
a not unworthy climax to the life ’s work 
of a gentleman and a scholar who loves 
his fellowman. May his strength and 
his days be equal to the undertaking! 



HOW FAST CAN MAN INCREASE? 


By ProfeiBor EDWARD ALSWORTH ROSS 

UNIVKRSITY OF WISCONSIN 


The basis of our reproductive outfit 
comes, of course, from our prehuman 
ancestors. But the human period — at 
least half a million years if we may trust 
the prehistorians — affords an abundance 
of time for man’s bodily evolution. In 
the course of this eon the human chin, 
the nose, the forehead, the big brain, the 
S-curved backbone, the straight thigh 
bone, the opposable thumb, the planti- 
grade foot and various minor bodily 
features marking off the human from 
the subhuman, are supposed to have 
reached their present stage. While the 
physique of. man was thus evolving there 
may have been a development in the 
direction of greater prolificacy. This 
might be either by perfecting the gen- 
erative apparatus or by sharpening the 
sex appetite. 

SUPBR-FEOXJNDITT AS A SURVIVAL ASSET 
For this cause ! Early man possessed 
in his brain an organ of use to him in 
living outside the natural dwelling-place 
of the prehumans ; so he became the ani- 
mal of least restricted habitat. But as 
man, overflowing his boundaries, met the 
trying conditions of life outside the 
warm forested region which was the 
home of his tree-dwelling, fruit-eating 
ancestors and had to cope with harsh 
climates or new enemies, and subsist 
upon strange food, his death-rate must 
have risen. Without weapons or de- 
fense, without remedy for injury or 
disease, depend^t for food and dielter 
upon the chance offerings of nature, 
primitive men had nothing but their 
fertility with which to make gc^ the 
destruction wrought upon them by the 
many hostile features of their environ- 


ment. Often they must have had wit 
enough to avoid being promptly snuffed 
out, as is the animal clear out of its nat- 
ural habitat, but not enough to make 
real headway against their foes. Many 
a human group, no doubt, wandered into 
a life BO hard that as a rule more died 
than were bom. Hence it disappeared. 
With a little more fertility it could have 
survived. Thus, as early men drifted 
into more and more risky areas, there 
was a premium put on prolificacy. The 
less fecund strains would be supplanted 
by the more fecund strains. In this way 
conditions may have favored the spread 
not only of the breed with the larger 
brain, the defter hand, the better-made 
foot, but also of the stock with the 
greater fruitfulness, say twelve births to 
a couple instead of ten. 

If thus the human species continued 
to evolve in body and mind as it spread 
ever further from the original center of 
dispersion, there is no mystery in its 
having acquired what in our eyes ap- 
pears as an overload of fecundity. 
What else could happen f For, in the 
long run and other things being equal, 
the fast breeders would outmultiply and 
replace the slow breeders. Still faster 
breeders would supplant them. Consti- 
tutional prolificacy had to increase until 
it came to be so taxing to its possessors 
that it was almost as grekt a handicap as 
an asset. At this point, of course, its 
development would cease. 

Liee-saving aooravaubs the Problem 
OF Excess Fecundity 

There is another development which 
makes man’s high prolificacy appear a 
nuisance. If Thomas B. Malthus (1767- 
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1834), the first thinker to establish that 
the happiness of peoples is threatened 
by the results of man^s super- fecundity, 
had broached his ideas to the men of the 
Old Stone Age fifty thousand years ago, 
I fancy that they would promptly have 
rejected his contention that always pop- 
ulation tends to increase faster than the 
means of subsistence. They would have 
pointed out that they met untimely 
death from disease, wild beasts or other 
men far oftener than from hunger. 
They would have said: ‘‘When times 
are bad our tribe dwindles, when times 
are good our tribe expands. But, on the 
whole, we have no more fecundity than 
we need in order to assure self- 
perpetuation.” 

Nor in the European Middle Ages, 
say the twelfth century, did the worries 
of life center about the question of 
victuals. In the words of the Dean of 
St. Paul’s: 

The population question slumbered. The 
miserable chaos into which the old civilisation 
sank after the barbarian invasions, the orgies 
of massacre and plunder, the almost total 
oblivion of medical science, and the pestiferous 
condition of the medieval walled to¥ni, which 
could be smelt miles away, averted any risk of 
overpopulation. Families were very large, but 
the majority of the children died. Millions 
were swept away by the Black Death; millions 
more by the Crusades. Such books as that of 
Luchaire, on France in the reign^ of Philip 
Augustus, bring vividly before us the horrible 
condition of society in feudal times, and ex- 
plain amply the sparsity of the population.! 

Again, right after the visitation of the 
Black Death in the fourteenth century 
would have been a poor time to warn 
against large families. Hecker* finds 
that : 

Cairo lost daily, when the plague was raging 
at its greatest violence, from 10 to 14,000; be- 
ing as many as, in modern times, great plagues 

iW. B. Inge, ''Outspoken Essays,'' 1919, p. 
67. 

s'^Epidemics of the Middle Ages," 1844, 

pp. 28, 26. 


have earried off during their whole eoorse. In 
China, more than thirteen millions are said to 
have died; and this is in oorrespondenoe with 
the certainly exaggerated accounts from the 
rest of Asia. India was depopulated. Tartary, 
the Tartar kingdom of Kaptschak, Mesopo- 
tamia, Sjria, Armenia, were covered with dead 
bodies — the ^urds fled in vain to the moun- 
tains. In Oaramania and Caesarea, none were 
left alive. On the roads, — in the camps — in 
the caravansaries, — unburled bodies alone were 
seen; and a few cities only remained, in an 
unaccountable mimner, free. In Aleppo, 500 
died daily; 22,000 people, and roost of the ani- 
mals were carried off in Gaza, within six weeks. 
Cyprus lost almost all its inhabitants ; and ships 
without crew were often seen in the Mediter- 
ranean, as afterwards in the North Bea, driving 
about, and spreading the plague wherever they 
went on shore. It was reported to Pope 
dement, at Avignon, that throughout the East, 
probably with the exception of China, 23,840,- 
000 people had fallen victims to the plague. 
... In Padua, after the cessation of the 
plague, two- thirds of the inhabitants were 
wanting; and in Florence it was prohibited to 
publish the numbers of the dead, and to toll 
the bells at their funerals, in order that the 
living might not abandon themselves to despair. 

The researches of Thorold Rogers 
show that in the England of five cen- 
turies ago food shortage was by no 
means the chief bar to population 
growth. 

The habits of the people were favorable to 
pestilence. Every writer during the fifteenth 
and sixteenth centuries who makes his comment 
on the customs and practices of English life, 
adverts to the profuseness of their diet and the 
extwrdinary uncleanliness of their habits and 
persons. The floor of an ordinary Englishman 's 
house, as Erasmus describes it, was inconceiv- 
ably filthy, in London filthier than elsewhere, 
for centuries after these events. The streets 
and open ditches of the town were polluted and 
noisome beyond measure. The Englishman dis- 
dained all conditions of health.^ 

Very likely there have been many 
periods in which all man’s fecundity was 
needed to insure the upkeep or replen- 
ishing of the population, and the diffi- 
culty of obtaining the means of subsis- 

8 ^«Bix Centuries of Work and Wages,'' 1884| 

p. 118. 
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tenoe was by no means the chief source 
of his troubles and anxieties. 

Thx Debate oteb the Obiodt or 
SUPEEFLUOUS FBOUNDITT 

Malthus made his case against reckless 
propagation about the beginning of the 
last century when British statesmen 
were losing sleep wondering how the 
swelling population of the towns could 
be fed. In his time he had seen the 
birth-rate rise 6 per cent, and the death- 
rate fall 25 per cent. Since it is obvious 
that on an island not made of gutta 
pereha this must reach a limi t, he con- 
tended — reasonably enough, one would 
think — that unless births are fewer 
deaths will be increased in number by 
checks" generated or aggravated by 
growing population pressure, t.e., war, 
famine and disease, until population 
ceases to grow. But in the third decade 
of the nineteenth century, thanks to 
industrialization and town crowding, the 
English death-rate rose and stayed up 
for sixty years. At the same time a 
colossal overseas movement of food made 
subsistence easier than ever to procure. 
So the impression grew up that the 
course of events had falsified Malthus ’s 
prophecies. Then, following upon the 
discovery of the real nature of infectious 
disease, came a great fall in the death- 
rate which has once more thrust the 
population question into the foreground. 

In Malthus ’s time no one doubted 
that, some six thousand years ago, a 
benevolent Ood created man to be happy. 
As a clergyman Malthus was therefore 
hard put to it to account for our being 
created with a reproductive' propensity 
quite in excess of current needs. Such 
a discrepancy seems to reflect upon the 
goodness or wisdom of God. Malthus 
could only argue weakly that man had 
been equipped with his imperious sex 
urge in o^er that by controlling it he 
mj^t have opportunity to show charac- 
ter apd prove himeelf a moral being. 


Charles Darwin got his k^ to the 
development of species, the “principle 
of natural selection," from reading 
Malthus 's “Essay on Population." As 
he read it dawned upon him that, if all 
species are as over-fecund as Malthus 
^ows man to be, there will be a struggle 
for existence. I^me individuals will go 
to the wall while others survive; and 
among the survivors will be those, other- 
wise fit, who happen to possess any 
advantageous variation in organ or 
trait. Thus is every species constantly 
molded into completer adaptation to the 
life conditions imposed by its environ- 
ment. 

It should be plain by now that our 
excess of fecundity is not a constant, but 
is relative and variable. It grows with 
progress in security, in peaceful associa- 
tion, in medicine, hygiene and sanita- 
tion. More individuals of each genera- 
tion survive the perils of infancy; more 
reach adult life; more complete their 
reproductive period. So each generation 
has a bit more of excess fecundity to deal 
with. Writing to-day, when the infec- 
tious diseases are two thirds whipped 
and the mortality is but half of what be 
knew, Malthus could make a far stronger 
case than he was able to make in his 
time. 

Of course, the foregoing is wasted on 
those who deny that man has evolved 
and insist that he was created just as he 
is. Since “Ood is good," it is impos- 
sible that our procreative propensity 
should ever prove a snare. Within the 
divinely ordained institution of marriage 
men and women may safely “follow 
nature." Hence, there is no “popula- 
tion question" save for peoples too lazy 
or wasteful or vicious or stupid to keep 
their food production ahead of the in- 
crease of mouths. Since no people is 
perfect, the orthodox are able to repre- 
sent even the appalling poverty of the 
Chinese myriads as theit oum fault, as 
due to vn^r-prodnction rather than to 
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owr-populatim. Thus all is shown to 
be for the best; we have but to go on 
and procreate as many children '^as Ood 
sends.” 

Peounditt is not declining 

We must reject the cheering argu- 
ment of Herbert Spencer that civiliza- 
tion begets individuation and that, as 
individuation progresses, reproductive 
power declines. The fact is, the women 
of the most civilized peoples, if any- 
thing, are more fruitful than those of 
the less advanced. Theal found that 984 
women of the Bantu blacks in South 
Africa had borne an average of 5.6 
children. An investigator discovered 
that 160 Chinese wives, all over fifty 
years of age, had given birth on an aver- 
age to 7.5 children. In Baroda, one of 
the native states of India, the average 
number of births for 28,011 completed 
families was 5^^. Pour fifths of these 
women became wives at the age of thir- 
teen or fourteen years. In the Punjab 
34,561 unions of a duration of thirty 
years or more show 5.68 to a union. Ten 
thousand Bengal families in which the 
wife had been married at least thirty- 
three years yielded (including still- 
births) 6.34 progeny to a family. The 
genealogies of New England families 
show that in the first half of the eight- 
eenth century the births per wife were 
6.83. About 1912 an investigation of 
prolificacy in twenty-one rural counties 
of Minnesota showed that the wives bom 
in Poland had produced on an average 
seven children in the course of fourteen 
and a half years of married life. When 
completed these families would certainly 
average ten or more children. 

Prom the returns of the British 1911 
census Stevenson calculated that the 
average number of children bom to 
English couples married in the decade 
1861-71 and surviving to 1911 was 6.79, 
while for couples married in the decade 
1851-61 (when birth control wm little 


known) the number was 7.28. While 
wives married twenty to twenty-four 
bore 5.83 children, those wedded fifteen 
to nineteen bore 7.41. Dunlop found 
that in Scotland women of the age group 
twenty to twenty-four who married 
1861 to 1885 became the mothers of 7.8. 
In New South Wales the progeny of 
such unions was 8.32. The palm went 
to Scottish women married at the age of 
seventeen; their average was 9.02 chil- 
dren. The 1920 Census of Norway 
showed that for surviving couples who 
were married before 1888, the bride 
being but eighteen or nineteen years old, 
the type family was ten children. In 
Australia the births to wives married 
between fifteen and eighteen years of 
age and whose marriage had endured 
twenty-five to twenty-six years- averaged 
10.45. Doubtless similar figures would 
be found if such inquiries were prose- 
cuted among the peoples of Central or 
Eastern Europe, It seems idle, then, to 
pretend that civilization solves the popu- 
lation problem by reducing the fruitful- 
ness of women. 

Maximum Rates of Human Increase 
In a healthy population of normal 
makeup, in age and sex, whose fertility 
is checked by no other restriction than 
that of monogamous marriage, the birth- 
rate will range from' fifty to sixty per 
thousand per annum. Birth-rates in the 
neighborhood of forty per thousand are 
not hard to find. This figure measures 
the fertility of Saxony thirty years ago, 
of Bosnia and Bulgaria just before the 
war, of Ceylon in 1917. In this class are 
Chile, the Central American rejmblics 
and the West Indies. Birth-rates 
around forty-five we come upon in Brit- 
ish Honduras in 1920 (45), Santo 
Domingo in 1910 (46.3), pre-war Rou- 
mania (43.1), pre-war Egypt (43.6), 
pre-war Russia (45.6), Serbia, 188^ 
1896 (48.4), Hungary, 1876-1886 

(44.4), and Guatemala, 1876-1886 
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(45.2). A birth-rate of forty-nine was 
registered by Russia, 1886-1895, and in 
India at about the same time. It is so 
diflScult to get a backward people to 
register all its births that many of these 
figures need to be revised upwards. 
Probably fertility comes nearest to nat- 
ural fecundity in French Canada, where 
the devout habitants are forbidden by 
their priests to attempt any control over 
the size of their family. Quite often a 
priest, after returning for his pariah a 
number of births which shows a rate of 
from fifty V} fifty-five per thousand, adds 
the warning “many births are not re- 
ported.*' Certain parts of Quebec and 
certain regions in the Orient and 
Oceania appear to hold the world's rec- 
ord for prolificacy. 

The advanced peoples have cut their 
death-rates per annum to sixteen, four- 
teen and even twelve per thousand ; but 
such low figures are not for the quick- 
breeding peoples, which generally are 
rather ignorant, superstitious and fatal- 
istic — poor soil for life-saving programs. 
Then, too, a prolific population will not 
only include a host of children — so frail 
and i)eri8hable — but frequent pregnan- 
cies and large families bring always in 
their train a high infant mortality. It 
seems safe to predict that even in this 
Gulden Age of public hygiene no people 
with an annual birth-rate of fifty will 
have a death-rate below twenty — which 
gives an annual growth of 3 per cent, 
per annum. Such a population will 
doable in about twenty-three years. In 
the last decade of the eighteenth cen- 
tury, when immigration was eligible, the 
increase of the American' people aver- 
aged 80.5 per thousand a year, while in 
the first decade of the nineteenth cen- 


tury the rate was 31.5 a year. So far 
this p)erformance holds the record. 

We know of no contemporary popula- 
tion which actually attains this rate of 
natural increase. All the peoples bright 
enough to achieve a low death-rate are 
too wise to multiply in the blind way 
animals do. So many couples curtail 
family that by no means all the nation's 
fecundity is utilized. The highest an- 
nual rate of natural increase attained by 
any country throughout the entire 
period of authentic vital statistics was 
that of New Zealand, 26.6 per thousand 
for the decade 1876-1885. Only a coun- 
try of recent settlement with a very 
small quota of old people could make 
such a showing. Quebec, Manitoba and 
Argentina report an excess of births 
above deaths of about twenty, which 
would double the population in thirty- 
five years. Just prior to the outbreak 
of the war, Roumania reported a natural 
increase of 18.4 and Bulgaria, 18.6. 
This is the maximum for Europe and 
would suffice to double the population in 
thirty-nine years. Russia had a margin 
of 17 in 1911 ; Holland follows with 16.3 
in 1920 — a gain not purchased by a very 
high birth-rate, but by combining a 
fairly high birth-rate with a very low 
death-rate. 

Utilizing the Life-saving means now 
available, a flourishing and enlightened 
modem population which welcomed 
large families might grow from its own 
loins at a rate which would double it in 
twenty-three years. To be sure, no peo- 
ple wise enough to keep its mortality 
low consents to breed in such reckless 
fashion; but we are told that it ^ould 
do so if it is to avoid “sin. ' ^ 
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From the days of the Neanderthalers 
and Cro-Magnons, and possibly still 
earlier, man has been interested in the 
riddle of existence. Dim and feeble 
must have been the thoughts which the 
men of the Old Stone Age could spare 
from the pressing daily problems of 
food, shelter and life itself, for consid- 
eration of less mundane things, but that 
these had a considerable place in their 
thoughts is shown by the ceremonial 
burial of their dead and the ritualistic 
magic mirrored in cave art. 

The accumulation of knowledge with 
the progress of the race has served to 
sharpen our interest in the meaning of 
it all, and although we are still ignorant 
of whence we came or whither we are 
bound, we do know that we are a part of 
a mighty current, eons old — a continu- 
ous garment of life with a warp of im- 
mutability and a constantly changing 
woof. We shall probably never be able 
to answer the Whyl but we can discern 
rather clearly the main outlines of a his- 
tory covering millions of years, and 
herein lies the great appeal of paleon- 
tology — the record of evolution, the 
chief handmaiden of historical geology 
and the principal scribe in the autobiog- 
raphy of the earth. 

The votaries of the temple of science, 
while they may not bask in Roman lux- 
ury, will escape much of the pettiness of 
life and if they are really called to this 
high calling, will have more than their 
share of happiness. John Masefield in 
his introduction to a new edition of the 
'‘Travels of Marco Polo^^ says, "it is 
only the wonderful traveler who sees a 
wonder." Here is a moral for every 
one ! The twentieth century mind is too 


cursed with pragmatism, the spirit that 
sees beauty in the world appears to be 
dwindling all too rapidly. A forest to 
many is merely so many potential board 
feet of timber ; a crag, that might be the 
haunt of spirits, is merely a source for 
road metal or building stone. There is 
the best of precedent however for saying 
that "life is more than meat, and the 
body than raiment. ' After all, as Re- 
becca R. Williams puts it, ' ' Tis the set 
of the sail and not the gale that deter- 
mines the way we go." Information 
must be changed to inspiration. We 
must feel sympathetic to Vergirs sonor- 
ous "Oods of the Rocks and Soil" as the 
thrilling first line of the epic of geology. 
Thus attuned we may learn much con- 
cerning the past. 

If you mention the city of Danzig to 
a paleontologist, does he think at once of 
the lamentable failure of allied diplom- 
acy in recent years! Not at all! He 
thinks, if he is the sort of a traveler that 
Masefield had in mind, of the brown coal 
deposits north of the town between 
Putzig and Rixhoft and the wonderful 
fossil plants that have been found in 
them. If you mention Konigsberg east- 
ward across the Bay of Danzig your 
paleontologist does not think of Hohen- 
zollems or other unpleasant things, he 
may not even know that it was the birth- 
place of Kant, but he will know of the 
marvellously preserved relies of the 
ancient world preserved in the Baltic 
amber, that has been washed up on the 
beaches of Samland, and collected by 
man during the last ten thousand years 
or more. 

1 Matthew S:25. 



THE BALTIC AMBEB DEPOSITS 


269 


Samland lies between the rivers Memel 
and Pregel — ^Eonigsberg is situated at 
the mouth of the latter. The peninsula 
proper projects at the eastern horn of 
the Bay of Danzig from between the 
Eurisches Haff and the Frisches Haff. 
The country is low and poor and com- 
prises moors alternating with coniferous 
forests. The climate is cold and forbid- 
ding — quite different from what it was 
in the long ago. Contemplation of the 
present scene in Samland should not 
blunt one’s mind to the wonder that can 
be extracted from this barren stretch of 
coast. 

With our sails thus set to the breezes 
from the past let us see what sort of tale 
it has to unfold. 

Even a non-smoker knows that the 
better pipes have amber mouth pieces 
and that amber beads are to be preferred 
to beads of glass or bakelite. 

The use of amber in making articles 
for smokers is of course quite modem, 
since the habit was not introduced to the 
white race until after the discovery of 
.America, tradition crediting its intro- 
duction into Europe to Sir Walter 
Raleigh. 

The use of amber for ornaments, how- 
ever, is older than human civilization. 
The men of the New Stone Age, or Neo- 
lithic as it is called, the time when pol- 
ished flint weapons wore in general use 
and the art of pottery making was first 
practiced, knew and valued amber. 
Amber beads have been found in burials 
of that early age estimated to be about 
twelve thousand years old. They are 
found in the relics of the Swiss Lake 
dwellers, who built their houses on piles 
over the water, practiced the first known 
primitive agriculture and lived nine or 
ten thousand years ago. They are found 
in the first known Me^terranean civili- 
sation (Minoian) that flourished on the 
island of Crete before the time of the 
Trojan wars, and in tiie tombs of the 
Etrusoans who lived in Italy before the 


Romans, as well as in the earlier bronze 
age buriala 

Various words in ELindu literature 
alluding to some mineral that attracted 
chaff when rubbed have been suspected 
to indicate amber, but this is very un- 
certain. Our word amber is said to come 
from the Arabic word “anbar,” intro- 
duced into Spain by the Moors and de- 
rived by us from the Spanish. The early 
Greeks called it electrum, or that which 
attracts, because when rubbed it will 
attract bits of pith, dried grass and simi- 
lar objects. It is interesting that this 
Greek word for amber is the origin of 
our word electricity which means so 
much more in these modem days than 
the mere property of attraction. 

The Romans sometimes tised the latin- 
ized form of the Greek word for amber, 
but more commonly, as by Pliny, for ex- 
ample, they called amber succinum from 
their word “succus,” which means gum, 
showing that they understood the real 
nature of amber. This study of the 
origin of names and the names by which 
the same object is called in different lan- 
guages is exceedingly interesting and 
often of great historical importance. 
For example, if we could be sure that 
the Sanscrit word grass jewel really 
meant amber we would know that this 
substance was well known in the most 
ancient Aryan civilization. 

Amber is very inflammable and its 
germanic name alludes to this property, 
the German word Bernstein meaning 
combustible stone. In Finland and 
Esthonia amber is known as meri-kivi or 
merre-kivio, which means sea stone, and 
we would be at a loss to understand the 
significance of such a name did we not 
know that for ages the waters of the 
Baltic Sea have bMU w.a8hing out bits of 
amber from the sands and days of its 
bottom and easting them ashore. Before 
the days when man was intelligent 
enough to search in 'the ground for 
amber in the same way as any other 
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Boineral is now sought, the sole supply 
of amber was obtained by hunting along 
the coasts of the Baltic for it, exactly as 
we pick up dead shells along any sea 
beach. 

Homer mentions amber several times 
in the Odyssey, especially as a Phoeni- 
cian article of commerce. It is also men- 
tioned in the Bible. Along with stone 
weapons of the chase amber was prob- 
ably one of the earliest articles of 
European trade, Svens6n, the Swedish 
archeologist, attributing the apparently 
prosperous Neolithic culture in southern 
Sweden to the trade in amber. 

But we may know how amber looks 
and how it got its name and still be 
ignorant of its origin. If we were asked 
to decide whether it was animal, vege- 
table or mineral we should probably call 
it a mineral, which would not be far 
from the truth, although it is really of 
vegetable origin and is nothing but the 
fossilized gum or resin of plants that 
lived and died millions of years ago. In 
life it was almost identical with the 
drops of gum that you see on old cherry 
or peach trees, on balsam, spruce and 
pine, and on many other trees. 

As thousands of different kinds of 
trees have lived and died and become 
extinct in the distant past of earth his- 
tory, many different kinds of gum have 
been preserved in the ground, all of 
which, if it does not look different, is 
commonly spoken of as amber, although 
the earliest amber of commerce which 
came from the Baltic region of northern 
Europe has a certain definite chemical 
composition and is often called true 
amber. By chemical analysis we learn 
that the amber from which the beads 
were made that are found in Etruscan 
tombs in such quantities came from the 
Baltic, for the amber now found nearby 
in Sicily has a different chemical compo- 
sition. Hence we assume that the amber 
deposits in Sicily were unknown to the 
ancients. 


We now know amber of varying com- 
position from a great many localities. 
Sometimes it has been given a special 
name, like cedarite from western Canada, 
or burmite for the Burma variety, or 
ambrite for the New Zealand variety, or 
roumanite for that which comes from 
Rumania. All of it looks much alike 
and has much the same physical proper- 
ties, and usually can not be distinguished 
except by very careful chemical analysis. 

It has been found at very many geo- 
logical horizons in the rocks, from those 
of Cretaceous age, which are many mil- 
lions of years old, down to the present. 
Almost always it is associated with beds 
of coal or in deposits that are highly 
carbonaceous and contain the debris of 
the trees which furnished the gum. Of 
the very many localities where amber has 
been discovered I know but three which 
are in the Equatorial Zone. These are 
Burma, in southeastern Asia, the island 
of Haiti, in our West Indies, and Co- 
lombia, in northern South America, 
This is interesting because there are a 
great many gum-bearing trees in the 
tropics, and we may expect to discover 
amber at many places in the equatorial 
zone when those regions have been more 
thoroughly explored. 

If this were all the story of amber 
it would hardly be worth the telling, 
but it is only the beginning. In trying 
to picture the past life of our earth we 
depend almost entirely on what we call 
fossils, that is, on the traces of former 
life that are preserved in the rocks. 
Usually an organism has to have hard 
parts to stand much chance of remain- 
ing intact long enough to be buried by 
sediments and preserved for millions of 
years. Hence our fossils will be the 
bones of the higher animals, the shells 
of sea creatures and things of that sort, 
usually broken. Soft tissues always de- 
cay long before they can be sealed up in 
the rocks so that frequently animals that 
lived in the seas in swarms, like the 
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sharks, are known from their hard teeth 
alone, all the rest having been dissipated 
before burial. 

Of the myriads of insects that have in- 
habited the world from the early days all 
that fell in the water were not snapped 
up by waiting fish, but many were 
buried, and we often dig their remains 
out of the shaly rocks. Occasionally 
these show the whole insect in a crushed 
carbonized mass. More often nothing 
but the wings are preserved, and al- 
though much information can be ob- 
tained from wings alone, they are noth- 
ing ]ike as satisfactory as if we could 
have the whole insect for study. 

Now amber contains fossils. Not all 
of it, to be sure, but where amber has 
been collected from a single region for 
thousands of years many specimens with 
fossils inside will have been encountered. 
Naturally the gum of a tree will not ac- 
cumulate in quantities sufficient or rap- 
idly enough to imprison anything large, 
but small objects will be caught in the 
sticky gum and covered by it, and these 
will be preserved in all the perfection of 
life; every lens of the insect eye, every 
hair on its legs or feelers, will be her- 
metically sealed and preserved for all 
time. It is as though nature were pre- 
serving these small forms of life for 
future students in the same way a sci- 
entist mounts objects for microscopic 
study in Canada balsam. 

If you will notice the ants going and 
coming on a modem tree you will realize 
how easy it would be to entrap them if 
the tree exuded a gummy substance, or 
if you wish to try an experiment along 
this line tie a piece of sticky flypaper 
around a fruit tree in the garden with 
the sticky side out and after a few days 
examine it and see what a variety of 
things it will have caught. That this 
was similar to the way the fossils that 
we find in amber were caught millions of 
years ago we know because of the kinds 
of things which it contains. All are 


crawling or flying things or such as were 
light enough to be blown by the wind, 
such as small flowers, plant hairs, tiny 
shells and the like. Among crawling 
and flying things we would expect those 
that frequent trees to be the most com- 
mon, and this we find to be true. Ants 
and spiders are exceedingly common in 
the amber, and among the ants the wing- 
less workers are more common than the 
winged forms, for it is they that forage 
about over the vegetation. Just the op- 
posite is true in certain insect beds laid 
down in water and covered with mud. 
In the latter we would expect the winged 
ants, flying about in swarms at mating 
time, to be drowned much more fre- 
quently than the wingless workers, and 
that is exactly what we do find in such 
water laid deposits. 

One might expect that the chances of 
many different kinds of things being 
caught in such small amounts of gum 
to be exceedingly slender, and yet more 
than two thousand different kinds of in- 
sects, spiders and plants have been de- 
scribed from the Baltic amber alone. 
We have to remember that these amber 
trees made gum over many thousands of 
years and if the whole forest caught but 
one insect a day, in the course of ten 
thousand years that would mean three 
and one half million insects, and one has 
only to have a house painted during the 
summer to realize how numerous insects 
are in the world. 

At any rate the amber trees that grew 
in northern Europe during a time that 
the geologists call early Tertiary caught 
many things in the gum or resin that 
exuded on wounded surfaces or dropped 
drop by drop to the ground. Many of 
these hardened pellets in aU amber de- 
posits are tear-shaped, just as they 
dropped from the trees, and this form 
of occurrence gave rise to one of the 
pretty legends of mythology, that of 
Phaethon, and his sisters the daughters 
of the sun (Helios). 





the ' SCIBNTIPiO 


■ PbaSthOB* bewwiBe of the promise of 
' tiw Svm his lather, insisted that he be 
pmnittpd Iw one day to drive the flam- 
Ihg dihriot of the son across the arch of 
ih* heavens. With the willfulness of 
yottth he could not be persuaded of the 
ifV8H necessary or the dangers to be on* 
ootmtsTdd. 

As the dawn opened the doors of the 
Mat and the stars and moon retired 
PhaSthon sprang into the chariot and 
grasped the rrina. The im- 
patient horses darted swiftly forward 
ontruiming the morning breeaes. Soon 
they realised that inexperienced hands 
ti fitd the reins, they rushed headkmg, 

'* leaving tiie travriled path. Poor 
then knew not how to guide them, Sved 
had he the strength. He fbrgets the 
n i»wfw of the horses and knows not what 
to do. With tenror ho sees the mon- 
strous forms scattered over the heavens 
— ^tiie scorpion, the crab, the serpent ai^ 
the great bear. He drops the seins^ in 
his fright and the horses, entirely with- 
out restraint, rush hither and thither, 
now too near the earth and now far 
above it, the douds begin to smoke, the 
mountain tops take Are, fields are* 
parched, vegetation biases, cities perish 
and the rivers dry up, even the sea 
ffliwtnir because of the awful heat. Earth 
screening her face with her hands 
huskily besought Jupiter for pity and 
reUef. 

Then Jupiter the omnipotent, c allin g 
to witness all the gods, induding Phafi- 
thon’s father, mounted his tower and 
launched a lightning bolt against the 
foolish charioteer, who fell head-long 
and fiaming into Eridanus, the great 
river. The Italian Naiads reared a 
tomb to his memory and his sisters, the 
Hdiadea, as they lamented Ids untimely 
end, were transformed into poplar trees 
on the banks of the river, and their tears, 
whioh continued to fiow forever, became 
amber aa they dropped into the stream. 
That is why in southern Europe tluse 


teaiHdutped^ psHsts 

the teara of Baliadaa {iM sihii^ 
ofPhafithon). 

We know more about the life and 
tiinum of the Baltie ambw than any odmr 
amber deposits because they are the ohM 
sonree of oommerdd andier and have 
been woriSed for ao many yeiua. Shwa 
1899 the deposite have 'been worked by 
the state and have produoed between ISO 
and 260 tons Of amber each year. *I9ie 
industry centers around the imeient dW 
of ESn^nbo^t where, aa early as 1790, a 
fwinntido aoeiety waa organieed. This is 
known as the Physikaliseh-iMconomiSehen 
OesellMhaft, and it has been publishing 
memoirs (achriften) regulariy sines 1860. 
Iduoh of our present knowledge of the 
amber fossils has been oontributed to thie 
flcries a host of apaeialkts, and it haa 
been the natural rspeaitoiy of .the reanlta 
of the acientifle activities of the region. 

In the eariior amber daya moeh of tha 
preaent l^tie waa a weU-foreated land 
surface with a genial elhua^ Ai^ 
some thouaands of years da rin g which 
the trees wept gum in small amounts and 
< died and rotted away, leaving on ftp 
gtonnd the gum they carried and which 
was gradually buried in tiie forest litter, 
the aea eommeneed very very riowly to 
encroach on this old land surface. Aa it 
gradually flooded the forest it worked 
over this forest litter,, airil that is why 
the surfaee of the pleees of amber im 
worn and ronnded hy wave aetkn. StjOh 
'of it as escaped ^tostraoHoa w^s ilBilly 
buried in ^e muddy seabottooi in what 
ie now a Unidi sandy day. 

This day id whioh the anfirir ia pM- 
served Wrap dtVbaited at the heg iniB i ^ of 
a mariaia Wiagt hs ttiis region kpoe^ tO 
the geerkdiri aa the Uttorllimvor 
noidiui^ ataie, .and 
, £rom.'Whioh':<haee'taid^ 
daadeid It k of :'Saaia?:hitn!aasf 
them -hriafly. ' 

The .SannoldBii ;iirai:'r#opOiiad 
Freaeh , gepktiift ■ ' ' — 
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Fuj. .1. Map siiowin<j aitkoximately the DisruiBr hon of land and w atei^ in Europe ditrincj 

TliE LATTORFIAN STAOE of TlfE LOWER OlICJOCENE. TWINED AREAS ARE MARINE, IMITTEI) AREAS ARE 
ESTUARINE AND CONTIMLNIAL DEPOSITS. ARROW INDICATES DIRECTION OF INVASION OF NORTH 
Germany by the J^attorftan sea and fauna. 

from the exposures at the villaf^e of San- shed. Almve the light-colored fresh 
nois near Paris. Here lying on top of water (days is a thickness of from six to 
the gyi>sum, which is now rather gen- twenty feet of thin-bedded (laminated) 
erally referred to the upper Eocene clay with brackish water molluscs like 
(Ludian stage) the following succession Cyrena and Ceritliium. This is the 
of beds is seen. At the base a dark, marncs a cyrenes of tJic French geolo- 
pyritiferous and gypsiferous clay with gists, and shows a slackening of stream 
fossil fishes, turtles, a few crustaccae and action and a renewed access of marine 
molluscs, occasional mammal bones and waters. Above the Cyrenia marls there 
loaves, reaches a thickness of about is from twenty-five to forty-five feet of 
thirty feet and evidently represents sedi- massively bedded, greenish, poorly fos- 
ments deposited in salt water of lagoons siliferous clay of marine lagoons, and 
along the coast, but cut oflF from the sea. tliis is overlain by the Brie limestone, 
Overlying this dark clay are lenses of the last being the basal formation of the 
light calcareous clay varying in thick- Oligocene, according to Stehlin, the 
ness up to forty foot and containing a vertebrate paleontologist, 
few mammal bones, ehara fruits and Since this section at Sannois was de- 
fresh water molluscs, evidently record- posited under somewhat abnormal con- 
ing a freshening of the lagoon waters by ditions and therefore does not contain 
the rejuvenation of the adjacent water- a typical marine faunaj most geologists 
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prefer to use the term Lattorfian, pro- 
posed by Mayer-Eyniar and derived 
from the little villapre of Lattorf or Lat- 
dorf in Anhalt. Here, overlying about 
one hundred feet of clay and lignite, ia 
found about thirteen feet of fine-grained, 
glauconitic and sparingly argillaceous 
marine sand in which are preserved vast 
numbers of molluscan shells. This is all 
that represents the Lattorfian stage at 
this locality, since the darker marine 
sands overlying the greensand contain a 
marine fauna which shows them to be 
of middle Oligocene age. 

Lattorf is near Bemberg on the rail- 
road between Berlin and Magdeburg, 
and near the latter is the village of 
Egeln, which is almost as famous as Lat- 
torf for the lower Oligocene fossils which 
it has yielded, since it is principally from 
these two localities that von Koenen, the 
great German paleontologist, described 
over 750 different specie,s of fossil inver- 
tebrates — mostly molluscs. 

Students have been puzzled to account 
for the difference between this north Ger- 
man Lattorfian fauna and the antecedent 
Eocene faunas of w^estern Europe, and 
have also assumed that it spread east- 
ward across southern Russia into west- 
ern Asia. Recent work in the last region 
by Lukovic, although not entirely con- 
clusive, indicates that the south Russian 
and western Asiatic faunas are older 
than those of north Germany and that 
the Lattorfian sea as we find it in north 
Germany invaded that region from 
southern Russia and that the ancestors 
of this wonderful Lattorfian marine 
fauna dwelt in the Caspian and Aral 
regions. 

The accompanying sketch map of 
Europe embodies this new conception ot 
the extent of the flooding of that conti- 
nent by the Lattorfian sea. (See Fig. 1.) 

This sea gradually spread over a part 
of the old amber forests and buried them 
under a mantle of marine sands forty to 
fifty feet thick. 


That the present Baltic covers part of 
the old amber forest we know because in 
the wash of currents and waves much 
amber is W’orked out of the submarine 
amber deposit and washed up on all the 
shores of the Baltic and even as far 
away as .southeastern England, and it 
seems evident from this that the southern 
basin of the Baltic and perhaps a part 
of the North Sea was covered by similar 
forests during the emergent period that 
preceded this advance of marine waters 
over the old land ; indeed, Tornquist, in 
his account of the geolog>" of East Prus- 
sia (1910), concluded that the amber 
forests covered the whole Baltic basin as 
well as the Scandinavian peninsula, Fin- 
land and northern Russia, so that a part 
was submerged by the Lattorfian sea and 
much remained emergent along its whole 
northern shores. 

An alternative view to the one here 
advanced was that of Heer (1860) who 
assumed that the Lattorfian sea and the 
amber forests were contemporaneous, 
the latter growing on the uplands that 
skirted the northern shore of this sea 
and that the amber was carried into the 
sea by streams. This is seemingly con- 
firmed by Ulmer ^8 studies (1912) of the 
caddis flies found in the amber of which 
the larvae of seventy-three species in 
thirty-five genera are considered to have 
lived in fresh wat^r torrents. Such 
physiographic conditions would account 
ifor the numerous coniferous trees and 
for the northern elements in the appar- 
ent mixture of northern and southern 
forms in the amber flora and fauna. 

It fails to account for the southern 
elements unless we assume that the up- 
land was lofty enough to embrace several 
altitudinal zones. Apropos of this ques- 
tion Wheeler in his recent study of the 
^‘Ants of the Baltic Amber*' (1914) 
notes for these insects an exactly similar 
situation as is shown by the plants, 
namely, that the northern types greatly 
outnumber the southern, as if the soutb- 
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Fio. 2. J. Chflifer hcmprichi Menoe, x9 (afi'er Mesce). 2. Prionomyrmcx langipes Mayk, 
x2 (AFTER Mayr). 3. MachUuH setioomis Koch & Berekdt, x2 (after Koch & 

4. Oryllun macroocrous Germar, x (after Oermar). 6. Cronitmg anomaly^ PiCTEP, x3 
(after Piotkt). 0. Palaeop9yUa klehaianu Dampf, x 12 (aftfr Dampf). 7. Mimlia rosirata 
Koch & Berendt, x3 (after Koch & Bbrbndt). 8. Sp}iacropsoc%La kiwnovw Hagek, x 16 
(after Haoen). s). Stevdbroihrips sucoineus Baonall, x 35 (after Baonall). 


ern were the survivors of the once domi- 
nant biota. If the region was one of 
warm lowlands and high uplands the 
plants and insects of the warm lowlands 
should outnumber the representation 
from the more distant highlands since 
the question of successful transportation 
would be a controlling factor, and this 
is not the case. 

Eventually the Lattorfian sea receded 
and its marine sediments in the Samland 


region became a land surface w^hich was 
soon covered with vegetation. During 
a long interval sands and clays, and 
especially swampy deposits, accumulated 
in the swampy depressions of this land, 
and the last was the source of the brown 
coal of the region. Many fossil plants 
are preserved in the brown coal series 
and although authorities are not entirely 
agreed as to the age of the series it is 
either later Oiigocene or early Miocene 
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and constitutes the younpjest formation 
in the region beneath the relatively mod- 
ern Pleistocene cover. 

The problem of the age of the amber 
is a difficult one and well illustrates the 
problems of paleontology. As I have 
already mentioned, the amber contains a 
great variety of the most beautiful fos- 
sils, and some of the insects, spiders and 
flowers found in the amber are shown in 
the accompanying illustrations. (See 
Figures 2 and 3.) 

The very wealth and completeness of 
the material overwhelms us, for the geo- 
logical timetable is built up by carefully 
establishing the succession of organisms 
in the rocks, and these organisms ordi- 
narily are those most favorably situated 
for burial and most capable of with- 
standing the ravages of lime, such as 
aquatic forms with hard parts, among 
which the n;iollusca may be considered 
as the dominating caste. 

If plants are represented it is by wood 
or the more durable foliage, and not, 
as in this case, by flowers. Thus we have 
the problem of comparing flowers and 
insects with a time scale made from 
shells and leaves, and there is this ad- 
ditional perplexing factor. It is quite 
generally agreed that the sandy clay in 
which the amber is found is correctly 
assigned to the Lattorfian stage, but say 
the opposition: Although the clay is of 
Lattorfian age it is obvious that the trees 
which furnished the gum, along with the 
insects that foraged over them, and the 
plants whose flowers were entrapped. 


lived at an earlier time when the region 
was land and not sea, and you are con- 
fusing the time of their collective burial 
with the time that they lived, which is 
quite a different thing. 

This is incontrovertible logic, but it 
is not so disconcerting as it seems, since 
the sea invaded but a fraction of the 
forested country and the amber forests 
continued to line its shores. This we 
know from the occasional amber plants 
that occur throughout the Lattorfian 
marine deposits. Furthermore, the sec- 
onds of the geological time clock are to 
be considered as of a thousand years’ 
duration, and many generations of or- 
ganisms can run their course in that 
time. 

Indeed it is almost certain that the 
amber fauna and flora represent a mixed 
assemblage of preserved samples of the 
life of the times over a very consider- 
able interval if measured in years, so 
that one can never be sure that the or- 
ganisms in one piece were the exact con- 
temporaries of those in another piece. 
When you find plant lice with their at- 
tendant worker ants in one inclusion 
there is no doubt of their contemporane- 
ity, but we have very few records of this 
sort, since the custom in all large collec- 
tions has been to cut the amber into small 
blocks which are then polished and 
mounted. 

Here again it is not as confusing as 
it sounds, since all can be shown to be- 
long to the same general stage of earth 
history, and it matters little whether we 
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call them late Eocene or early Oligocene 
so long as we know exactly where they 
come in the paleontological procession, 
since it is particularly difficult all over 
the world to go out in the field and say 
that at any one point the Eocene ended 
and the Oligocene began. We are using 
human concepts of time units for that 
Avhich was itself continuous. 

I can see no conclusive reasons for fol- 
lowing Conwentz, Jentzsch and others 
who regard the amber flora and fauna 
as Eocene; von Linstow (1922), for ex- 
ample, considers the latter to be as old 
as lower or middle Eocene, but both the 
flora and fauna are very different from 
any we know^ of that age. The southern 
element may represent the sutwiving 
part of the late Eocene biota at a time 
when the region was being overwhelmed 
by northern invaders ; or the amber may 
record two more or less distinct facies — 
a southern and earlier, and a northern 
and later; or the .northern may have 
come from the great north land as shown 
on the accompanying map, which would 


have had a somewhat more severe cli- 
mate ; and the southern may have repre- 
sented the surviving warm fauna and 
flora of its southern coasts. 

As I picture the amber forests from 
the evidence of the plants my picture 
agrees fairly well with that which mod- 
ern authorities derive from a study of 
the insects, namely, that we have a mix- 
ture of forms whose existing relatives 
still live or could live at the same lati- 
tude with others w^hose relatives now 
live in warmer climes. Certainly, the 
climate was temperate and not in any 
sense tropical. This is clearly indicated 
by the abundance and variety of conifer- 
ous trees, as well as by the northern ele- 
ment in the insect faunas; but among 
them we find representatives of a num- 
ber of warm- temperate types, and I think 
we are justified in concluding that the 
climate was much more genial, and the 
floras and faunas much more extensive 
and varied than is the case in Samland 
at the present time. 
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SCIENTIFIC AMATEURS 


Many workers in science now-a-days 
are business men, working in science as 
a hobby. Benjamin Franklin set the 
example for such scientihe amateurs, for 
he was one of the first of them in Amer- 
ica. A printer by trade, a diplomat 
by profession, Franklin was a scientist 
by avocation, and to read his autobiog- 
raphy, and to see some of his instru- 
ments which are still preserved in Pliila- 
delphia, one can hardly tell which side 
of his nature he was really most inter- 
ested in. One ha.s tlie suspicion, how- 
ever, that he was chiefly interested in 
his science. 

In England at the same time us 
Franklin there was another famous sci- 
entific amateur, using the word “ama- 
teur” in its best sense, a “lover” of 
science, not necessarily a novice. This 
was a clergyman, named Joseph Priest- 
ley, who made for himself a permanent 
place in the history of science by the dis- 
covery of oxygen. England has pro- 
duced many scientific amateurs. Sir 
William Herschel, one of the greatest 
astronomers of all time, was originally a 
music teacher at Bath; and to-day, the 
secretary of the Boyal Astronomical So- 
ciety, and one of the leading astronomers 
of his country, is the Reverend T. B. R. 
Phillips, the active rector of a parish of 
the Church of England. 

But the United States-also has its sci- 
entific amateurs. Up in the hills of Ver- 
mont, in the town of Springfield, is a 
factory which makes machine tools. The 
president of the company gives the busi- 
ness his personal attention, and a few 
years ago was honored by his fallow citi- 
zens by being dected to servo a term as 


governor of his state. But James H. 
liartncsH, for tliat is his name, has an- 
other side to his nature, like Benjamin 
Franklin. If you pay him a visit, he 
will probably show you around his 
works, and then take you to his home, on 
a hill almve the town. At the back of 
his house there is a curious-looking struc- 
ture, which at first glance bears some 
resemblance to a turret on a battleship, 
witli a single gun sticking out from it. 
It is a turret, all right, but not a gun, 
for it is what Governor Ilartness, who 
invented it, calls a “turret telescope.” 

With the usual form of telescope in 
an observatory dome, the inside of the 
building must be at the same tempera- 
ture as the outside, otherwise the warm 
air from within will rise and go out 
tlirough the slit in the dome towards 
which the telescope is pointed. This has 
the same effect as hot air rising from a 
stove and plays havoc with the distinct- 
ness of what the observer seo.s. But with 
the turret telescope, the instrument itself 
is mostly in the open air, outside the tur- 
ret, and the image is brought inside by 
a reflecting prism. The inside of. the 
turret may be’ kept as warm as desired 
as there is no opening for warm air to 
leave. To one who has gone through the 
rigors of a Vermont winter, this is a dis- 
tinct advantage, and as a further con- 
venience, Qovemor Hartness has an 
undergrotmd tunnel connecting the ob- 
servatory with the celljii* of his house. 

There is a gtoup of amateur astrono- 
mers, spread tiirou^out the country, 
who perform scientific work of real 
value. This is the American Association 
of Variable Star Observers, which was 
279 
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establislied under the aegis of the Har- 
vard College Observatory. With the 
building of the great telescopes in mod- 
ern observatories, many ijeople think 
that these instruments are essential to 
any observations of value. But while 
these telescopes have made possible the 
great advances in modern astronomy, 
there is still a large amount of work that 
can be done satisfactorily with smaller 
instruments. To use a great reflector 
for such a purpose would be about as 
sensible as to roll bread dough with a 
steam roller, for there is enough work to 
be done with the ‘'Big Berthas'^ which 
only they can do, to keep them busy all 
the time. 

A largo class of .stars are known as 
''variables.’’ They change in bright- 
ness more or less periodically. Most of 
these are bright enough to be seen with 
a small telescope, but to check up on their 
variations n large number of observa- 
tions, made fairly close together, are re- 
quired. The American Aasociation of 
Variable Star Observers, with its large 
number of small telescopes, watches 
these and its members report regularly 
to the Harvard Observatory. These 
amateur astronomers are drawn from all 
walks of life — one very active member; 
until his recent death, was a Pittsburgh 
locomotive engineer, who came in from 
his run about midnight, and then ob- 
served until daylight. 

But astronomy is by no means the only 
science that has its amateur devotees. 
I’ake the instance of a prominent New 
York investment banker, who lives in 
one of the city’s suburbs, Tuxedo Park. 
This man, Alfred L, Loomis, by name, 
has established at his home a private lab- 
oratory where he is experimenting him- 
self, and aiding other scientists to ex- 
periment, on ' ' long |bot8 ’ ’-^scientific 
problems that offer too little immediate 
return lor the average university lab- 
oratory to investigate, but that may de- 
velop into something of importance. 


Already, in cooperation with Profes- 
sor Robert W. Wood, of tlie Johns Hop- 
kins I'niversity, who is one of the world ’s 
leading experimental physicists, Mr. 
LfK)mis has investigated the super-sound 
waves that Professor Wood first ob- 
served during the war when he was 
working at the Toulon Arsenal in 
Prance. By passing a powerful oscil- 
lating electric current through a crystal 
of quartz, it is made to vibrate as fast 
as 200,000 times a second. The waves 
from Ihis are similar to sound waves, ex- 
cept that they vibrate far too fast to be 
heard. The ear is not sensitive to vibra- 
tions faster than alK)ut 20,000 a second. 

When the crystal is placed in the bot- 
tom of a vessel of oil, and its vibrations 
arc passed upward into a glass of water, 
they produce .strange effects. A fish 
placed in the w^ater is killed almost in- 
stantly, microscopic plants are literally 
disintegrated, and when the curious in- 
vestigator placed his finger in the water, 
a sharp pain, which extended to the very 
marrow of the bone, was experienced. 
Just what use this powerful new tool will 
be in science is still uncertain, for only 
the preliminary steps have been made in 
its investigation. It is where X-rays 
were a generation ago. 

In ail entirely different field of science, 
that of archeology, a hard- worked fac- 
tory executive in Illinois has distin- 
guished himself. George Langford, of 
Joliet, has taken up Indian mound exca- 
vating as many men take up golf. At 
that, he gets more exercise than most 
golfers, because what h^^ias to^do in his 
hobby is to work all daiy, when he has 
one to spare, with a pick and shovel like 
an ordinary laborer, with only one vol- 
unteer assistant to help him. But 
already his hobby has developed into a 
real pursuit of science, with Important 
results, wliich has already won for him 
a place in the circles of his chosen 
science. 
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His digging has been at the “Fisher 
mounds, “ near Joliet, and is important 
because he has unearthed three, and per- 
haps four, layers of remains of Indian 
civilizations that existed on the spot at 
various times in the past. In Old World 
archeology several layers of culture 
above each other are not unusual, but it 
is rare in America. Another important 
outcome of Mr. Langford’s work is that 
for the first time a possible clue has been 
found to the earlier home of the Iro- 
quoian Indian nation who played an im- 


portant part in our colonial liistory. 
Previously, no remains of the Iroquois 
have been found west of Ohio^ but in the 
second layer of the Fisher mounds pot- 
tery, ornaments and weapons suggestive 
of the workmanship of this race liave 
come to light after remaining buried for 
many centuries. And under them are 
relics representing a still earlier group 
of Indians, about which little is yet 
known. Altogether, Mr. Langford has 
found hundreds of skeletons, as well as 
enormous quantities of the other relics. 


STATIC AND THE WEATHER 


Tuuning now to the work of the pro- 
fessional scientists, in this case the radio 
engineers with the U. S. Navy, some 
work has just been announced on the 
relation of static and the weather. 
Those troublesome noises are the result 
of electricity in the atmosphere. But 
static may prove to be of some use after 
all, for the Navy Department has found 
that it may bo used to warn of such 
storms as tlie hurricane that struck 
Florida last September. 

Beginning in March, 1924, the JJ. S. S. 
Kittery was u.scd in a study of the value 
of weather maps in navigation. Before 
the experiments had been under way 
very long, it was noticed that there was 
a very definite relation between the state 
of the atmosphere, as recorded in the 
data for weather maps broadcast from 
the naval radio station at Arlington, and 
the static. Later, when the weather 
maps were broadcast and received by 
means of the machine invented by C. 
Francis Jenkins, where a duplicate of 
the transmitted map is automatically 
drawn on the ship, it was found that the 
receiver could be used to record static. 

The Jenkins machine is used in con- 
nection with a radio^ompassv The latter 
device is equipped with a loop antenna 
so that signals may be recorded .from one 
definite direction. As the loop is rotated, 
and peals of static in any direction are 
detaeted by the receiver, corresponding 
ink lines are drawn on the paper-covered 


revolving drum of the Jenkins machine. 
In the time that it takes the recording 
pen to travel from one end of the drum 
to the other, the loop is turned through 
a complete circle, so thkt the paper gives 
a graphic picture of the static in any di- 
rection from the observer. 

Tlic Kittery was fortunate enough, 
from the scientific viewpoint, to meet the 
Miami hurricane several days before it 
struck Florida, when the static was ter- 
rific in all directions. But as the storm 
proceeded, the static came definitely 
from its direction. Finally, there came 
a day with no static whatever and fine 
weather, but then as a new disturbance 
began to develop, static was again re- 
corded from its direction. 

Such hurricanes begin in the doldrums 
of the Atlantic Ocean, off Cape Verde, 
the western tip of Africa, several weeks 
before they hit the United States. The 
Miami hurricane, for example, began 
about September 5, though it did not 
reach Florida until the I8th. It is sug- 
gested thast a group of radio compass sta- 
tions, perhaps at San Juan, P. R., a 
point in the Barbadoes, and Trinidad, 
would be able to detect these storms as 
they approach. Witli three stations, 
whei*e the lines from each cross would 
be the center of the storm, so that its 
position could be accurately plotted and 
sufficient time for Warnings and prepara^ 
tion could be allowed. 
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AMERICAN DIAMONDS 


Though little systematized search lias 
been made, the complete total ol‘ dia- 
monds found in widely scattered parts 
of tlie United States, if it could be 
chocked up, would amaze the public that 
has long associated the queen of gems 
with the far places of the earth like 
Africa, Brazil and India. California, 
the Piedmont region of the Atlantic sea- 
board, and the region around the Great 
Lakes have all contributed some, but 
Arkansas is the only place in North 
America where diamonds are really 
mined. 

Experts put the total Arkansas output 
at over ten thousand stones since dia- 
monds were first found in Murphrees- 
boro, in Pike County, in 1906. Most of 
them are being held by mining com- 
panies, but a few have been sold and the 
best and most complete collection of 
them out of the hands of the mine own- 
ers is in the U. S. National Museum. 
The finest of this lot liave just come to 
the Smithsonian Institution along with 
the quarts of quartz, pounds of topaz 
and ounces of opal, contained in the 
famous collection of precious stones of 
the late Colonel Washington A. Roeb- 
ling. The largest native diamond in the 
museum, according to Dr. W. P. Poshag, 
who is working on the collection, weighs 
slightly under 18 carats and is one of the 
prize Arkansas specimens. The best of 
them all, however, came to light in 1924, 
tipping the jeweler's scales at 40.23 
carats and is the largest diamond ever 
found on this continont. 

The diamond deposits of the world are 
of two types. Those in Brazil, India and 
Australia, and some of those in Africa, 
are placers where the stones have been 
concentrated by wind imd water. The 
occurrence of isolatW diamonds in gold 
placers in this country is accounted for 
by the fact that the gold nuggets and 
diamond ctystals are heavier than the 
other particles of sediment and gravel 
i^fulhed down from higher levels and are 


consequently fairly commonly deposited 
in tlie same locality. The second type of 
diamond deposit is in solid rock of vol- 
canic origin or in the soft earth or clay 
overlying it. Like this is the Arkansas 
diamond region, as well as the world- 
famous mines of South Africa. 

Several diamonds have been found 
and equally many have undoubtedly 
been lost in gold placers in California. 
They are thought to be originally de- 
rived from the same type of diamond- 
bearing rock that has been washed down 
in broken bits in streams from the moun- 
tains of volcanic origin. Most of them 
are small and there is no telling how 
many more of the white glassy crystals 
have been thrown out of the rockers and 
washing pans of miners interested only 
in the gleam of yellow dirt. 

In the Piedmont region of the Atlantic 
coast tliere have been a few found. Vir- 
ginia claims a single isolated diamond, a 
big one around 23 carats having been 
dug up by a laborer working on a street 
excavation in Manchester as long ago as 
1855. In Dysartville, N. C., a shiny 
pebble later found to weigh four and 
two thirds carats attracted the attention 
of a little boy sent to a spring for water. 
He .fished it out and carried it home 
where it excited sufficient interest on the 
part of the grown-ups to send it to New 
York for examination. It proved to be 
the real stuff and a model of it was dis- 
played in the Paris Exposition of 1889. 
It is now in the Tiffany Morgan Collec- 
tion in the American Museum of Natural 
History. Several others have been 
found in the mountainous parts of the 
state mostly associated with gold placers. 

Several stones of considerable size 
have been found in the Great Lakes sec- 
tion. One weighing 15 carats was turned 
up in Wisconaan while a i^ell was being 
dug. It was given to a M^an who was 
a tenant on the property who sold it for 
a dollar, but litigation ensued when 
the real value of the stone came out. 




THE TWO RECOEOING INSTRUMENTS 

On the left, tuk standard motion itctuee oambua wrrn synchronotjs motor drive; on the 

RIGHT, THE SOUJ|D RECORDER. 

TALKING MOTION PICTURES 

Talking motion pictures in which the 
simultaneous timing of action and sound 
is assured have been announced and 
demonstrated by the Research Labora- 
tories of the General ^Hectric Company. 
The process means but slight change in 
standard motion picture projectors, 
since it involves only the addition of a 
sound-reproducing attachment and a 
loud speaker suitable for auditorium use. 
Both the picture and the sound are re- 
corded on the same film. 

One of the demonstrations has been 
with music to accompany feature films, 
the music being by a full concert or<^es« 
tra. Development of this field requires 
no change in the technique of makiitK 
the original film. After the original pic; 
A bectioN of the combination ture film has been made and titled, the 
BOUND AND PICTURE FILM accompanying music 4 by a ew 

The MUx/nruDB or hoiuzontal likes on the cert orchestra a^'d is rec^d^ oh a ffljllh 
i 4 Brr MABoiN CONTROL THE sOuNP REpRODUQER. ^jio picture oud ^uud reootds are then 
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printed on one Aim in the proper time 
relation. 

To the casual observer the talking film 
does not dift'er from the usual motion 
picture positive. It is of standard width, 
but along the left margin there is a strip 
a small fraction of an inch wide on which 
is a series of horizontal light and dark 
bands* and lines, of varying widths and 
intensities. It is this series of bands and 
lines which produces the sound. The 
film is passed through the reproducer at 
constant speed, and, as these light and 
dark bands pass rapidly before a liny 
slit in an optical system, the amount of 
light is varied. The ever-changing 
amount of light is received by a photo- 


electric cell — the electric eye — ^which is 
extremely sensitive to any change in the 
amount of light striking it. The more 
light received, the more current' it will 
permit to pass through its circuit. Tliis 
current is amplified and changed from 
electrical to audible energy by an ampli- 
fier and speaker. 

At this early date it is not possible to 
define the fields in which this new type 
of talking motion pictures will be of use. 
One of the first, however, will be in sup- 
plying a full orchestral accompaniment 
for pictures. The community picture 
house, accustomed to having a piano, or 
piano and violin, will be able to have the 
same music as the metropolitan theater. 



(X)ll3INAnON BOimt) AND PlOTTOiS 

A BVANl>j|Utl^ FBdjBOTOk IS THB SOUKD-BBraOPUCIKO BLBUBOT BBIKO MOPNtBD PIRBOrLT 

rm vnm ^alvu yrm<m wwB tUe nXiH. 



288 


THE SCIENTIFIC MONTHLY 


Another field is offered by the news reels. 
Not only will it be passible to show im- 
portant persons, but they can talk to the 
audience, and visiting notables can ex- 
tend their greetings. 

Educationally, there are also many 
ways in which the new apparatus will be 
of service. Many schools and colleges 
are already equipped with motion pic- 
ture projectors as an aid in class-room 
work, and the new film will be found of 
even more assistance. In the case of 
professors from abroad, it will be pos- 
sible to record their lectures and demon- 
strations simultaneously, and to give 
tlieir lectures the widest possible use by 
circulation of the film to Colleges and 
universities throughout the country. 
Similarly, it will be possible to have an 
authority on the subject give a descrip- 
tion to accompany any educational film 
for use in schools, the speech pointing 
out the important features of the pic- 
ture simultaneously with their appear- 
ance on the screen. 

Outstanding among the features of the 
new apparatus are tliat both the picture 
and sound records are on the same stand-^ 
ard motion picture film, and that a 
standard motion picture projector, with 
an attachment for the sound reproducer, 
is used. Since the picture and sound 
records are printed side by side on the 
film, it necessarily follows ^that the two 
must be properly timed or synchronized 
at all times — it is not possible for the pic- 
ture to break and the sound to continue, 
or for the sound to stop and the picture 
to continue. 

There are three principal elements in 


the apparatus, including a standard 
motion picture camera, a sound recorder 
and a standard motion picture j)rojector 
with a sound-reproducing attachment, 
all driven by synchronous motors. The 
pictures themselves are made in the usual 
way on standard film. 

In recording the sounds, a microphone 
or sound collector of any desired type 
is employed, together with amplifiers. 
The niicrophonic system actuates a liny 
vibrating mirror which records the 
sound on the film as light and dark 
bands, the light from a small incan- 
descent lamp being reflected by the 
mirror through a tiny slit in the optical 
ay.stem in front of the film. The higher 
the pitch of note, the higher its fre- 
quency — and the greater the frequency 
of vibrations of the mirror which faith- 
fully reproduces each sound vibratioi||u 
a mark on the film. 

The sound-reproducing attaeh|ii|^t 
which is connected to the staniiard 
motion picture projector consists of a 
photoelectric cell behind the film and a 
small electric lamp with suitable optical 
arrangement in front of the film. As 
the film passes a small slit, similar to 
the one used in making the sound record, 
a varying amount of light is admitted 
to the photoelectric cell, the amount of 
light depending on the photographic 
density on the sound tirack. The result 
is that a very minute and varying cur- 
rent, an exact replica of the sound wave, 
is produced. This tiny current is am- 
plified and led to a loud speaker which 
reproduces the sound in sufficient A’olume 
to fill the auditorium. 
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CONTRIBUTIONS THAT HAVE BEEN MADE 
BY PURE SCIENCE TO THE ADVANCE- 
MENT OF ENGINEERING AND 
INDUSTRY" 

By Or. C. R. RICHARDS 
UHIOH UMIVmtatTT 


It ifl, I think, safe to aasert that those 
maohines and processes which have 
revolutionized industry and the practice 
of engineering were originally evolved 
through accidental discoveries or pure 
invention; 'and that their later develop- 
ment has generally been based upon 
empirical knowledge. For a time em- 
pirical methods nuy be sufficient, but, 
sooner or later, every industry fe^ the 
need of predse knowledge of its proc- 
esses or of its materialB that ean only be 
supplied throu^ the aid of the funda- 
mental seiences. No industry ean feel 
secure until it is fully cognizant of the 
scientifle basis upon which its activities 
depend, and that, through researeh in 
the fundamental as well as in the ap- 
plied sdenees, sMks to advance furtfamr 
its knowledge and improve its product. 

The praotiee of engjiieering has been 
profoonffiiy aCeeted by the fiiiidamental 
seielMBa^ ea^ Of whi^ in seme manner 
has iaflueueed the wmh of the engiiieer. 
la tbe practise of engineering it is no 
lenger anffidetit ti> with nile^- 
tinmb nicthodaV the eogltwer must be 
pbepai^ to t^ply the aeenmulation of 

baAtm ^ 
the AimsrfwMi As> 

Mg,', 
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scientillc knowledge to the more accurate 
solution of the problems with which he 
has to deaL 

Believing that engineers and indus- 
trial leaders do not always recognize 
sufficiently the fundamental sdentido 
principles involved in their work, it 
seemed advisable, in arranging the pro- 
gram for the Philadelphia meeting of 
Section M of the American Association 
for the Advancement of Science, that an 
effort be made to present the contribu- 
tions that have been made by the funda- 
mental sciences to the advancement of 
engineering and of industry ; and, at the 
same time, to demonstrate that fre- 
quently tiie needs of engineers and of 
tile industries have stimxdated reseairih 
m the fundamental sdences that affieet 
them. The major portion of tiie pre^ 
gram of the section was, therefore, in the 
form of a symposium at wfaieh eaeh 
member of a grqup of #rtihgnislMd 
srientists disooBsed t^ hunnw hi Mhiieh 
his partionlar aaieoco had iiriltieimsd tibe 
tporic of ^ SBplhsar 
meat of indastsy. TlgB iogiortiiioe of 
these diseiistioiis |aStiies 
tion here, in tile tihgr 

will have' a 
a better 


MS 
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ASTRONOMY 

By Dr. FRANK 6CHLBSINGER 

YAIiS HmyXBBlTY OBBBBVATOBT 


In planning this symposium our chair- 
man has arranged in alphabetical order 
the nine sciences that we are to hear 
from, and so astronomy has the first 
word. This science has had the first word 
in a more important sense, for it not only 
shares with mathematics the distinction 
of being the earliest to be cultivated, but 
it stands alone as the first to be applied 
to the affairs of mankind; without its 
aid our ancestors of thousands of years 
ago would have found themselves at a 
severe disadvantage in their struggle 
with nature and with rival nations. 

Astronomy touches our modem lives 
so rarely that few of us have anything 
more than the merest acquaintance with 
the skies. But centuries ago, before 
there were cities, every man knew the 
stars and their habits intimately. This 
knowledge had much to do with the es- 
thetic and religious development of 
early man, but of this we are not to 
speak this morning, as we are for the mo- 
ment concerned only with the relation of 
astronomy to industry. All early races 
have used celestial objects as timepieces 
centuries before any artificial device for 
the same purpose was invented. A mere 
inspection of the position of the sun by 
day and of the moon and stars at night 
can with practice tell us the time within 
a few minutes. These objects were also 
made to serve as calendars to tell how 
much of the year had elapsed and par- 
ticularly to indicate when various crops 
were to be planted. This was done by 
noting the times of heliacal risings of 
certain bright stars. The sun in his ap- 
parent annual journey among the stars 
renders invisible by his brilliance for 
several months those that are for the 
time in the same general direction. The 
first morning that a bright star can be 


distinguished in the glare of the rising 
sun is the date of that star’s heliacal 
rising, and to a faithful watcher it tells 
how much of the year has elapsed with 
an uncertainty of only a day or two. 
From those happenings, or from the 
corresponding heliacal settings in the 
rays of the western sun, were fixed the 
days of sowing, the best times for this 
having been determined through some- 
times centuries of accumulated experi- 
ence of a particular nation in a particu- 
lar locality. This knowledge waa trans- 
mitted by word of mouth from father to 
son for many generations, and consti- 
tuted a priceless asset for the nation or 
the race. 

To those who live by the sea and to 
those who merely live near the sea, the 
rhythm of the tides is still one of the 
most important things in nature. All 
primitive races must have noticed very 
early the intimate relation between the 
times of high tide and the position of the 
moon; and soon thereafter the connec- 
tion between the fullness of the moon 
and the fullness of the tides must also 
have forced itself upon their attention; 
in other words, they could not have 
failed to notice that at new moon and 
again at full moon, the high tide is 
higher and the low tide is lower than 
during the intermediate intervals. These 
are important facts to those who must 
launch and beach even the smallest of 
ships, and this business is much facili- 
tated if we can predict, as we can, the 
time and the nature of the tides from an 
inspection of the moon. 

To such an audience as this I need 
hardly dwell at length upon the contribu- 
tion that astronomy has made to com- 
merce by providing the mariner with the 
means for telling where his ship is. 
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Without this help uavigation would be 
confined to the dangerous and time-rob- 
bing necessity of groping along coasts. 
Without it important portions of the 
earth and their products would doubt- 
less still have remained unknown to 
civilized man, and the whole fabric of 
the world’s industrial organization 
would have been very different from 
what it actually is. 

It is a curious fact that the progress 
of science has taken away from astron- 
omy almost all its ancient opportunities 
to serve the industries. We no longer 
use directly the sun and stars as time- 
pieces and calendars; and we no longer 
need to observe the moon to foretell the 
tides ; all this information comes to us in 
the convenient form of printed almanacs. 
Even as a help to navigation, astronomy 
is no longer as indispensable as it once 
was, and it is, I think, soon to lose its 
place altogether as part of the mariner’s 
equipment. The problem of navigating 
may be divided into three parts ; the de- 
termination of the time at some standard 
port (usually Greenwich, in England) ; 
the determination of the local time ; and 
the measurement of the latitude. Of 
these the first has until recently been the 
most difficult, but the broadcasting by 
radio on every sea of accurate time sig- 
nals has made Greenwich time very easy 
of access and very certain. The perfec- 
tion of the radio direction-finder, which 
even now is in a sufficiently well-ad- 
vanced state to warrant its use, will 
probably in a few years render it unnec- 
essaiy for ships to make use of any hind 
of astronomical observations or calcula- 
tions. 

But if the passage of time has deprived 
the astronomer of some or most of his an- 
cient opportunities it has also provided 
new ways in which he can be of service 
to industry and engineering. You will 
not expect that these contributions will 
vie In number or importance with those 
that other sciences have offered, for as- 


tronomy is now farther removed from 
the affairs of men than any other science. 
We may distinguish between ppre and 
applied chemistry, between pure and ap- 
plied physics, between pure and applied 
geology and so on through the list. But 
we can not make a similar distinction in 
astronomy : it is all pure. Whatever con- 
tributions astronomy has made of the 
kiild we are discussing have, as Wells 
expresses it, been thrown over the shoul- 
der of an investigator who is intent upon 
a very different task. In the short time 
at my disposal this morning I shall not 
attempt to enumerate these contribu- 
tions, even though tEe list would be a 
short one as compared with what might 
be compiled in other fields. Let me in- 
stead dwell for a moment upon a single 
instructive example, namely, that pre- 
sented by spectrum analysis. Peculiari- 
ties in the light of burning elements were 
noted as early as 1753 ; during the cen- 
tury that followed, the foundations of 
the subject were vaguely sensed by many 
experimenters, but it was not until 1859 
that the physicist Eirchhoff and the 
chemist Bunsen, working together, for- 
mulated the laws of spectrum analysis 
and put the subject on what we might 
call a production basis. In doing this 
they had recourse not merely to results 
in their own laboratories, but also of 
another in which the conditions were for- 
tunately very different, namely, in the 
sun, and their deductions followed a com- 
parison of solar and terrestrial spectra. 
It was thus from a happy combination 
of the findings of the astronomer, the 
physicist and the chemist that science 
and industry were put into possession of 
this new and powerful weapon. This 
partnership in spectrum analysis has 
persisted ever since; it has yielded, and 
doubtless will yield in the future, knowl- 
edge of the most valuable kind in every 
sense. A single example mxiBt suffice. 
In 1868 Lockyer, observing the spectrum 
of the sun’s atmosphere, noticed a set of 
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bright lines which conld not be identi- 
fied in the spectixun of any known ter- 
restrial source. He inferred that they 
must arise from an unknown element 
which he named helium. Nearly thirty 
years later this element was “run to 
earth” by the chemist Ramsay, who 
found Lockyer’s lines in a Scandinavian 
mineral called clevite. Lately pure sci- 
ence has handed helium over to the en- 
gineer who, among other uses for it, fills 
dirigible airships with it and who has 
learned how to produce it in large quan- 
tities. 

These few examples illustrate a truth 
concerning which I am sure you will hear 
again to-day. If we were to confine our- 
selves to those contributions that come 
directly to industry and engineering 


from a particular sdenoe, we should miss 
the best part of the story. Just as great 
advances are very rarely the product of 
a single mind, almost as rarely are they 
bom and nourished within the confines 
of a single science. It is for this reason 
as well as others that the organization 
and coordination of scientific effort is of 
the highest importance, not only from 
the point of view of pure science but 
even more so from that of the industries. 
And pursuing this thought a step fur- 
ther, let us ask ourselves how long we 
should continue to keep up our rapid ad- 
vances in industrial progress if for any 
reason the march of pure science were 
retarded. It was long ago wisely said 
that to bring up a youth properly you 
must start by training his grandmother. 


BIOLOGICAL SCIENCE 


By Professor HENRY B. WARD 

UKIVKESITT OF ILUNOIB 


Jn the childhood of the human race 
by man’s contact with living things on 
which he depended for food and from 
which he manufactured clothing, tools 
and weapons, this primitive study of 
biology gave the impulse for the con- 
struction of traps, pens, pitfalls for cap- 
turing his prey and for primitive in- 
dustries by which the materials obtained 
were more fully utilized. This funda- 
mental relation of biology to industry 
has been maintained ever since. Terms 
such as horse power, work energy, 
fatigue, etc., owe their origin and their 
carrying power to biology. Wood and 
its products, a variety of fibers, leath- 
ers, bone, glue, oils, fats, creosote, rub- 
ber, charcoal, bone and a multitude 
of other materials, some long .in use 
and others newly found, are the basis 
for countless industries and are essen- 
tial factors in the work of the engineer. 


Biological studies on the structure, 
origin and physiological characteristics 
of such materials furnish a firm founda- 
tion for their utilization in industry and 
engineering. 

The microscope is probably the 
most important instrument which 
industry and engineering owes to 
biology. From the simple lenses used 
by fourteenth century students of biol- 
ogy to the complex and powerful com- 
pound microscopes of the present the 
improvements have been developed in the 
effort to penetrate further into the inti- 
mate structure of living organisms and 
to approach nearer the solution of the 
problem of Ufe. 

The discoveries which enable man 
to control fermentation and to use 
sterilization enter into the processes 
of modem industry in an essential 
manner. These processes worked out 
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in biological research though more strik- 
ing than others, represent a long series 
whidi have been contributed by biology 
to engineering. Even the data for the 
effective handling of flood prevention 
came from biological studies on root sys- 
tems of plants and their relation to soil 
as well as on the types and habits of 
burrowing animals. In the solution of 
a great present-day problem, the pro- 
tection of harbor construction against 
the shipworm (Teredo), the biologist 
and engineer work side by side. When 
the existence of the silk industry was 
threatened with destruction, the studies 
of the biologist furnished both the ex- 
planation and the remedy. Centuries of 
study of the flight of birds eliminated 
misconceptions and determined funda- 
mental factors in form, plan of opera- 
tion, relation to air-currents and other 
essential elements utilized in aeronautics 
and aviation. 

Sanitary engineering is of all most 


deeply indebted to biology. The contri- 
butions to it in our own country of 
W. T. Sedgwick, the biologist, and of a 
host of others, have made possible mod- 
em processes of water puriflcation and 
sewage disposal. Utilized on a larger 
scale by the engineer these developments 
of pure biological research are of in- 
estimable value to the human race. 

Preventive medicine, which is a prod- 
uct of biological studies, affords essen- 
tial aid to industry and engineering. 
Hookworm disease in mines, brickyards 
and agriculture, malaria, yellow fever, 
plague and similar diseases no longer 
paralyze commerce or cripple industry. 
Their control worked out by biology 
makes it possible to maintain public 
health and build great engineering 
works in regions where a century back 
disease was rampant and the very exist- 
ence of the community difficult to main- 
tain. 


CHEMISTRY 

By Dr. CHA8. H. HERTY 

ADVIBXS, THK CEBKIOAL K>Xnn>ATION, INO. 


Whbn some future student of our 
times evaluates the many services ren- 
dered the nation by Secretary Hoover 1 
am confident that emphasis will be 
placed upon his appeal, as chairman of 
a committee of eminent men, for gener- 
ous support from the industries for the 
prosecution of research in pure science. 
That was no idealistic appeal, but the 
direct outgrowth of a deep conviction 
that only through advances in pure 
science can industry hope to move for- 
ward at a continuoudy progressive rate. 
It is indeed striking t^t such a plea 
should oome from the head of the great 
buamess department of our government. 
Whetiisr tito appeal proves completely 
sueoeasfnl is of incidental importanoe: 


one purpose is already accomplidiod — 
be has driven the thought home con- 
vincingly. That conviction can not fail 
to bring adequate response through one 
channel or another, unless, in the absorp- 
tion of the everyday matters of our lives, 
we forget. 

I take it that the function of this sym- 
posium is to assemble from all the 
branches of science a wealth of illustra- 
tions which may serve to keep the 
thought dynamic, that eventually it may 
be brought to abundant fruition. 

Fortunately for my own responsibility 
here, the ease of chemistry needs, per- 
haps, least elucidation. Within recent 
years there has developed among the 
chemists a group ol popular writers— 



294 


THE SCIENTIFIC MONTHLY 


DtUKsan, Slosaon, Hendrick, Howe, Cush- 
man, Free, Stieglitz, Hale, Harrow, 
Wendt and many others — who have 
given their time and talent to the presen- 
tation in attractive form of the story of 
chemistry in its relation to the manifold 
activities of life. Filled with apprecia- 
tive knowledge of the dependence of in- 
dustry upon pure science, this dominant 
thought is apparent throughout their 
writings. 

Nor have we had to rely upon the ran- 
dom buying of books or the occasional 
glancing at publishers’ announcements 
for the dissemination of such material. 
With the cooperation of many distin- 
guished chemists, in the universities and 
in the industries, the Chemical Founda- 
tion has, by gift and by sale at actual 
publication costs, continuously developed 
an ever-widening circle of readers. No 
one can estimate the pervasive influence 
of the prize essay contest, founded as a 
memorial to their daughter, Patricia, by 
Mr. and Mrs. Francis P. Garvan, and 
conducted annually by the American 
Chemical Society in the secondary 
schools, public and private, throughout 
the nation. 

Why, then, should I endeavor to aug- 
ment what already has been so well 
donef One reason only — the full reali- 
zation of how unevenly the processes of 
dissemination proceed and how necessary 
it is to repeat over and over again if we 
hope eventually to reach aU, 

But with the necessarily limited time 
at my disposal to-day, certain pertinent 
chapters must be chosen as illustrative of 
the prolific contributions of the science 
of chemistry to industry. 

Much of our chemical industry was 
originally developed through pure em- 
piricism, but the applications of new 
principles derived from pure science 
have revolutionized these industries and 
carried them forward with infinitely 
greater strides. Meanwhile, these same 
concepts have brought into being new 


industries which have enriched the 
world. 

What branch of chemical industry is 
not indebted to John Dalton for hia 
atomic hypothesis and to Avogadro for 
his supplementary conception of the 
molecule? What peace of mind could 
any manufacturer have if Lavoisier had 
not heralded the quantitative period in 
chemistry ? Visit Niagara Falls and see 
the great electrochemical industries — 
then think of Michael Faraday and his 
fundamental concept. Watch the ear 
loads of com going into the great fer- 
mentation plants in the middle west or 
the tank steamers at Baltimore arriving 
with molasses, the waste product of 
Cuba’s great sugar crop, then read the 
‘‘Life of Pasteur.” 

In 1856 Perkin, seeking to prepare 
quinine from aniline, accidentally 
brought into existence mauve, the first 
aniline dye. It is not difScult to believe 
that had we been dependent on such 
casual methods alone progress in the 
field of coal-tar compounds would have 
been halting and uncertain. Kekul6 in 
1865, with his vision of the structure of 
the molecule of benzene, CeHe, changed 
the situation completely. The evidence 
marshalled to support his belief that in 
this molecule the six carbon atoms are 
linked to each other to form a closed 
chain made clear many facte which 
could not theretofore be explained. Of 
far greater importance, this concept of 
pure science presaged the discovery of 
many new compounds. Order was 
brought into the whole system of coal- 
tar compounds, and research on the pro- 
duction of thousands of these derivatives 
was feverishly stimulated. Upon the 
basis of this fundamental theory have 
grown our great coal-tar industries~ 
synthetic dyes, medicinals, aromatics, 
flavors, photographic chemicals, high ex- 
plosives and many war gases. 

At the eighth international congress 
of applied chemistry, held in New York 
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City in 1912, Professor Bemsthen, of the 
Badische Anilin und Soda Fabrik, gave 
a lecture, with demonstrations, on the 
synthesis of ammonia from hydrogen 
and atmospheric nitrogen by passing the 
mixed gases over a catalyzer at increased 
temperature and pressure. He an- 
nounced the laying of the foundations 
of the first plant for the manufacture of 
synthetic ammonia. This was the indus- 
trial application of the brilliant research 
in pure science by Professor Haber. As 
a climax to his demonstration, Professor 
Bemsthen held a piece of white cloth 
before the exit tube of the apparatus, 
and as the ammonia fumes touched the 
fabric it was rapidly transformed into 
an American flag which the professor 
enthusiastically waved before the audi- 
ence. Little was it realized, as we ap- 
plauded the striking phenomenon, that 
within a few years, as a result of this 
successful utilization of pure and ap- 
plied science in Germany, thousands of 
American lives would be sacrificed as 
they followed that flag on the battlefields 
in France. 

Not many years ago the producers of 
cottonseed oil in our southern states 
spent much time and money on fruitless 
efforts to persuade the housewives to 
substitute this liquid fat for lard, the 
semi-solid fat of the hog. Meanwhile, 
in the quiet laboratories of a French 
university, Sabatier and his co-workers 
were deeply engrossed in a pure science 
study of the transformation of unsatu- 
rated to saturated organic compounds. 
Sabatier showed that the addition of the 
necessary hydrogen atoms could be read- 
ily effected by the use of finely divided 
nickel as a catalyst. Cottonseed oil is a 
mixture of glycerides of unsaturated 
fatty acids. On hydrogenation by Saba- 
tier’s method there resulted saturated 
compounds which were solid. Then by 
careful regulation of the hydrogenation 
process a semi-solid fat, a true ^thetic 
lard, was produced. The prejudices of 


the cook thus overcome, a great new in- 
dustry was created, and again pure 
science had made industry its debtor. 

While organic chemists were absorbed 
in developing the many new lines of 
work suggested by Kekul6’s views, there 
appeared in the Transactions of the Con- 
necticut Academy of Sciences, in 1876, 
a contribution so cloaked in mathematics 
that chemists did not realize that Wil- 
lard Gibbs’ phase rule was an epochal 
addition to chemistry. When years later 
it became understood, its application 
brought clarity and scientific basis to 
many processes which previously had 
been purely empirical. Industrial ap- 
plications were rapidly made. The 
whole field of alloys, particularly that 
great tonnage alloy, iron and carbon, 
took on a new light; the problems of 
Portland cement became clarified; and 
in a multitude of other lines this funda- 
mental research proved of inestimable 
value. 

Sometimes, however, the worker in 
pure science is discouraged by seem- 
ingly unfortunate properties of the ma- 
terial with which he works. So in 1872 
Baeyer found that phenol and formalde- 
hyde formed a condensation product, 
but it was not crystalline. He saw no 
attraction in study of the gummy, resi- 
nous mass. Baekeland, however, boldly 
attacked this problem, and created the 
new synthetic resins, the uses of which 
seem to be unlimited. 

The beautiful finish on our automobile 
bodies to-day is an illustration of the 
complete revolutionizing within the last 
few years of an old, established indus- 
try, that of lacquers, made possible by 
the work of Whitaker and his research 
staff in the U. S. Industrial Chemical 
Company. All accepted methods for 
making ethereal salts, such as ethyl ace- 
tate, involved high concentration and a 
dehydrating agent. This m^nt high 
cost, for the available acetic acid varied 
below 16 per cent, concentration. Whit- 
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aker resolved to put his whole staff on a 
pure science study of the question of 
esterification. Bates of reaction between 
alcohol and acid, equilibrium conditions, 
concentration of catalyzers, and similar 
problems were thoroughly studied. To 
quote his own words: “Months were re- 
quired to complete these invesrtigations, 
but the facts once established presented 
an entirely new view of the problem, 
saved months of time spent on mistakes, 
or perhaps avoided final failure.*' The 
net result of the work was the installa- 
tion of a continuous process for esterifi- 
cation of dilute acetic acid, from which 
there is produced a monthly output of 
150,000 gallons of chemically pure an- 
hydrous ethyl acetate. 

In the preceding illustrations, mention 
has repeatedly been made of the use of 
a catalyst, a substance which affects 
markedly the rate at which chemical re- 
actions proceed, without itself being 
affected by the reaction. Here the pur- 
est of pure scientists have been gross 
empiricists. Catalysts have been used 
for many years, but the selection of the 
proper catalyst has been the result of 
haphazard discovery or the application 
of the “cut and try" method. Yet we 
are dealing with one of the fundamental 
principles of chemical reactions, and, 
from the standpoint of industry, with 
one of the greatest dividend-paying 
agencies. Shall we rest content with 
empiricism 1 Do we not know, from all 
other experience in matters chemical, 
that when once we understand the scien- 
tific explanation of catalysis we may 
look forward with confidence to the open- 
ing of entirely new chapters in chemistry 
and its application ? 

Fortunately Langmuir has brought 
some light into this all too clouded field. 
To-day Princeton University, through 
the work of Hugh Stott Taylor, has be- 
come the center for the scientific attack 
on this problem. It is a sad commentary 
that, in this period of construction of 


magnificent chemical laboratories in our 
universities throughout the country, 
Taylor’s work must be carried out in the 
old and dingy basement of a laboratory 
utterly inadequate and ill-suited to the 
needs of a great university. 

This thought brings me to a funda- 
mental question: “How should research 
in pure science be supported T" Are 
most favorable conditions for its success- 
ful prosecution to be found in our uni- 
versities, in the research laboratories of 
our more progressive corporations, or in 
endowed institutions! 

The resources of the universities, 
whether derived from taxation or en- 
dowment, are frequently too limited to 
provide adequate equipment and sufiS- 
cient associates to ensure the maximum 
output of men of fine talent, .and too 
often their research is spasmodic, inter- 
rupted by teaching duties and adminis- 
trative responsibilities. Yet research 
work under the infiuence of a noble 
teacher, and within the walls of a great 
university, is inspiring. From this 
source, too, must come the supply of 
well-trained research workers. 

The seductive allurements of the 
larger salaries offered in industrial work 
have so depleted our university staffs 
that industry is at last awakening to the 
short-sightedness of this policy. That is 
the solid foundation on which rests the 
appeal of Mr. Hoover’s committee. The 
successful culmination of their plan for 
support by the industries of university 
research in pure science, to the extent of 
$2,000,000 annually for ten years, would 
restore the equilibrium. 

One can not but rejoice in the awak- 
ening of the petroleum industry, as evi- 
denced by recent contributions to aid 
fundamental research in the pure science 
hinterland of that industry. Under the 
direction of the American Petroleum 
Institute, problems suggested by a group 
of scientists are being assigned to those 
workers in university laboratories Whose 
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experience and equipment seem best to 
meet the needs of a particular study. 

From the research staffs of industrial 
laboratories contributions to pure science 
will continue to be received. It is a wise 
investment for a corporation thus to 
make sure that it will be the first to 
realise upon the practical application of 
a new development in pure science. Yet 
research in pure science will always 
necessarily be of secondary importance 
in an industrial organization. 

From privately endowed research in- 
stitutions we have a right to expect real 
contributions to pure science. Their 
staffs are not under the seeming neces- 
sity of frequent, and therefore often 
premature, publication as offering the 
best means for preferment ; nor are they 
under the pressure of making an immedi- 
ate showing to directors more interested 
in the treasurer’s balance sheet than in 
the report of the director of the research 
laboratory. 

Excellent as have been the results 
from all these existing agencies, the fact 
must be faced that in none of them is the 
matter of research in the pure sciences 
the primary purpose and goal of the 
organization. 

I remember well my last talk with the 
late beloved Dr. Wallace Buttrick, of the 
General Education Board. He had been 
besought to recommend financial aid to 
an undertaking in a rather restricted 
field of scientific research. He told me 
that he couldn't get up any enthusiasm 
for the proposal, that more and more 
he was coming to the conviction that 
funds should be found for creating a 
great institution where our ablest scien- 
tists could carry on fundamental re- 
search in all branches of science under 
conditions as nearly ideal as could be 
furnished. That was the ripened judg- 
ment of a man who had given the many 
bnay days of a long life to aiding every 
form of education and research! His 


thoughts were always progressive; his 
feet always upon the ground. 

If Dr. Buttrick was right, and I hold 
that he was, where should support for 
such an undertaking be sought 1 Grant- 
ing as axiomatic that progress in applied 
science is strictly delimited by the ad- 
vances in pure science, who would profit 
most! The answer is — each and every 
one of us. Not the manufacturer, except 
incidentally. Witness the constantly 
lowered cost to the consumer of electric 
lighting, of automobiles, telephones, 
aluminum and a host of other com- 
modities. 

If, then, we the public are the chief 
beneficiaries of the advances in pure 
science, it behooves us as thrifty citizens 
to busy ourselves with the problem of 
providing those ideal conditions which 
will ensure the maximum output which 
the human brain is capable of produc- 
ing. 

How can such collective action be 
taken! By federal taxation and Con- 
gressional appropriation of funds ade- 
quate for the creation and maintenance 
of a national undertaking where ideal 
conditions for research in pure science, 
both as to personnel and equipment, will 
be afforded. 

I know full well the many objections 
to such a proposal which arise at once in 
your minds. Of course the next Con- 
gress would not appropriate funds for 
this purpose. Naturally politics would 
make itself felt in such an institution. 
Governmental red tape would certainly 
be restrictive on originality. These, 
however, are conditions of to-day. I am 
not of those who scoff at Congress. Our 
representatives in Washington, 1 believe, 
endeavor to carry out faithfully that 
which they are confident is for the best 
interest of the whole nation. They 
fairly represent the average thought of 
our people. 

My proposal is based upon the as- 
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sumption that the men of science will 
during the next few years cany on an 
even more intensive campaign of popu- 
lar education which will result in each 
citizen seeing clearly how much he has 
at stake in this matter. Confidence in 
the reasonably early success of such an 
educational undertaking is begotten of 
an intimate knowledge of the ways by 
which our people have so quickly 
grasped the facts of the close relation 
chemistry bears to their everyday lives. 


That was no miraculous revelation, but 
the result of the thoughtful, earnest, 
self-sacrificing work of many men who 
deemed it primarily a duty to their 
country — and they have gotten a lot of 
fun and happiness out of doing it. 

With a nation thus aroused as to the 
determinative influence pure science has 
on human advance. Congress could not 
fail to heed the popular demand that an 
adequate part of the country’s taxes be 
appropriated for this worthy purpose. 


ECONOMICS 

By Professor JOSEPH H. WILLIT8 

UNITXBSITT or nNKBTLYANU. 


In 1886, Henry R. Towne presented 
his address on “The Engineer as an 
Economist’’ before the American Society 
of Mechanical Engineers. In this ad- 
dress he may be said to have first given 
the fact that engineers and others who 
became industrial managers deal not 
only with problems of materials, ma- 
chines and power, whose roots lie in such 
fields as chemistry, physics and mathe- 
matics, but also with such problems as 
cost, value, price, markets and labor, 
whose roots lie in whole or in part in the 
field of economics. That thesis has been 
BO frequently repeated from iimumerable 
pulpits, in the literature of the field of 
industrial management and by the in- 
crease in student enrolment in courses 
that include work in theoretical and 
applied economics end in a thousand 
other ways that its repetition here 
amounts to an unnecessary dwelling 
upon the obvious. To state the contri- 
bution adequately would require a book 
of many pages; one must needs in the 
space allotted for this paper limit the 
discussion to general statements with 
only a few illustrations. 


One hesitates to use the method of 
analogy in view of the pitfalls of that 
method. With the hope that my audi- 
ence, however, will recognize that no 
man’s analogy should be followed to all 
its logical conclusions, I will resort to 
such a method in stating the general 
contribution of economics. 

The development of ocean transporta- 
tion has contributed much to the world 
in extending the area of our commercial 
interdependence, in extending the range 
of our intellectual interests and in pro- 
moting understanding and unity among 
peoples and nationa In making possible 
this development of ocean transportation 
we may distinguish three chief sources 
of contribution as follows: 

(1) All the work of the scientists and 
the craftsmen whoso labors have con- 
tributed directly or indirectly to the 
development of the technique of ship- 
building so that from the dugout of the 
savage there has evolved the modem 
Leviathan. 

(2) All those practical seamen — those 
operators of ships — whose practical 
problems and experiences have been , 
written down either in the log-books of 
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their ships or the mental log-books of 
their craft. Their contribution has been 
a contribution of practical seamanship. 

(3) But ocean transportation would 
not have fared well and would still re- 
main a precarious venture had we devel- 
oped nothing beyond marvelous ships 
and fine old “sea-dogs" as captains. 
Our confident steering on a fixed sched- 
ule over all the oceans of the world could 
never have come about without a third 
contribution — the contributions made by 
that long series of scientists — which led 
to the development of the laws of navi- 
gation. The scientific studies which 
made possible the development of the 
technique of shipbuilding and the laws 
of navigation reduced the emphasis on 
empirical seamanship and lessened our 
dependence upon those romantic and 
daring figures “who braved the un- 
known seas." In the words of Kipling; 

Our dial marks full steam ahead, 

Our speed Is timed to half a turn. 

Sure as the tidal trains we ply 

Twizt port and port. Bomanee, good-bye I 

But in place of romantic, heroic, em- 
pirical seamanship, we have a science 
(and ap art) of navigation. 

The world is similarly engaged in the 
evolution of a science (and an art) of 
industrial (or business) management. 
The contribution of economics — ^theoreti- 
cal and applied — ^is a contribution to- 
wards the development of laws of 
navigation in the industrial ocean. 
Developments in the industrial field are 
not analogoiis to developments in the 
field of ocean transportation in at least 
one respect. In ocean transportation, 
the laws of navigation were evolved in 
advance of any considerable develop- 
ment of the technique of ^ipbuilding. 
When therefore the developing needs of 
the world called for much transportation 
of goods and people by sea and when 
large ships had been developed for such 


service, the world already knew how to 
navigate such boats. 

But another condition obtains in the 
industrial world. As a result of the 
applications of scientific discoveries our 
whole industrial machine has grown 
almost overnight to proportions that 
dwarf the most complex Leviathan — 
entirely too rapidly, for there to have 
been any corresponding development of 
laws of navigation in the industrial 
world. In industry, our knowledge of 
“where to steer" has not kept pace with 
our knowledge of “how to Wld the 
machine." In industrial management, 
we are still midway between the stage 
of high-grade empirical seamanship and 
a science of navigation. To put it an- 
other way, we know how to manage 
machinery and we know how to use 
materials, but we are still in the ele- 
mentary stage of learning many of the 
fundamentals to effective administrative 
steering which are involved in the man- 
aging of men, of finances, of markets 
and of production. Just as the contri- 
bution of the physical sciences was essen- 
tial to the development of the industrial 
machine and of our understanding and 
use of materials, so is the contribution 
of economics and the various related 
social sciences fundamental if our colos- 
sal industrial machine is to be effectively 
administered and wisely controlled in 
the interest of all. In the words of the 
late Alfred Marshall, “The need for 
such guidance in the practical conduct 
of life was never as urgent as now. ’ ’ 

The experience and records of indi- 
vidual business enterprises and individ- 
ual managers of industry constitute the 
log-book of each enterprise. This log- 
book is concerned with the individual 
experiences, problems and deviations 
from course of that enterprise. The 
economist is concerned with the princi- 
ples which determine l^e general course 
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in contrast with the details which deter- 
mine individual fluctuation. The econo- 
mist is interested in the long run and 
from the facts derived from a multitude 
of industrial log-books and other sources 
seeks the general cause or tendency. He 
is also concerned in the social or national 
effect of such general tendencies. To 
quote Alfred Marshall again, Econom- 
ics aims to gain knowledge for its own 
sake and to obtain guidance in the prac- 
tical conduct of life, and especially social 
life.'' And further, ‘‘It aims ... at 
helping to determine not only what the 
end should be but also what are the best 
methods of a broad policy devoted to 
that end." ‘‘But though thus largely 
directed by practical needs ... it shuns 
many . . . issues which the practical 
man can not ignore ; and it is, therefore, 
a science, pure and applied, rather than 
a science and an art." 

But these philosophical comments 
upon the nature of the contribution of 
economics leave one with only a vague 
conception of that contribution. One 
may distinguish four major forms of 
contribution, as follows : 

1. ^'The DoSnition and Scientifle Study of 
Phenomena and Problems in Economic 
and Business Life.’’ 

II. **The Training of Besearoh Workers for 
Industry." 

Of a less direct character but of equal 
importance, we may distinguish the 
following : 

III. "Education for Administration in Indus- 
try (and Business)." 

IT. "The Education of Public Opinion and 
The Elevation of the Standard of Busi- 
ness Ethics." 

I. The Definition and SciENTTnc 
Study op Phenomena and 
Problems in Economics 
AND Business Life 

There is not an aspect of the big fields 
of economics or of industrial life to 
which an important contribution has 


not been made by students of economies. 
I will cite but one example of that con- 
tribution — the contribution to an under- 
standing of the so-called ‘‘business 
cycle." Industry has always been a 
prey to recurring cycles of business de- 
pression. Until the economists under- 
took careful scientifle analysis, the busi- 
ness cycle was regarded as a single 
phenomena occasioned by many curious 
causes of which sunspots may be taken 
as an illustration. The analysis of 
crises, beginning a hundred years ago 
and continuing with increasing thor- 
oughness as scientific methods and quan- 
titative data were developed, has re- 
vealed that there is not one business 
cycle but many business cycles, one for 
each industry or trade and even for each 
individual business. It has beeu revealed 
that each cycle may be broken down into 
its four periods — revival, prosperity, 
crisis and depression; that each peri(^ 
has its own definite characteristics of 
economic activity, of prices, of money 
rates, of credit conditions, of labor dis- 
turbances and related matters. When 
to the results of these analyses there was 
added the possibility of reliable statis- 
tical measurement of the cyclical move- 
ment, the way was open for a complete 
breaking down of the cycle into its con- 
stituent trends and details. With these 
developments, the possibility of indus- 
trial adjustment to that multitude of 
trends and conditions which is roughly 
described as the business cycle became 
possible. There could be no problem of 
business forecasting so long as all the 
factors were considered as one unit. But 
given the scientifle analysis which I have 
briefly described, the world bloomed with 
efforts by individual companies, by 
whole trades, by financial ^stitutions» 
by government Weaus and by businefls 
services to forecast business activity or 
a particular comer of business activity 
and adjust policies accordingly. These 
efforts were and are crude. The path 
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wu, is and inevitably will be strewn 
with the tragedies of damaged repnta- 
ticma. Bat evidence is conclusive that 
we have made progress towards control 
of the fluctuations in business activity. 
The imagination is challenged by the 
possible future contributions to general 
business stability, to enlightened indus- 
trial management and to the release of 
the human race from the fear of unem- 
ployment. 

'^at many economists under the 
leadership of Professors Wesley C. 
Mitchell, Charles J. Bullock and War- 
ren Person have accomplished in the 
fundamental analysis of the business 
cycle might be duplicated in almost any 
field. The work of Commons, Pigou, 
Hoxie and Bezanson in the field of in- 
dustrial relations; of Johnson in the 
field of railroad transportation ; of 
Tryon in the field of the economics of 
power; of Seligman and Kemmerer in 
public finance ; of Marshall and Taussig 
in economic theory; of the National 
Bureau of Economic Research in in- 
come; of Huebner in insurance and of 
all economists in defining the concept of 
production as distinguished from that of 
mere trading — all are only illustrations 
of the service performed by economics 
in analyzing those fundamental phenom- 
ena which are too complex and obscure 
for the individual industrial manager to 
assay alone, but with which his daily 
deeudiHu must be in adjustment if he is 
to manage wisely. 

II. Thk Tbainino of Bbseabch Wobk- 

KR8 FOB iNDOBTRT 

This contribution is always a major 
contribntion of science to practical life. 
A census of the heads of departments in 
industry devoted to research in eco- 
nomic, financial, commweial and indus- 
trial problems would reveal an over- 
wbek^g percentage of men who had 
had graduate wtnk or had taught in 


these fields at universities. Leonard 
Ayres, of the Cleveland Trust Company, 
Stewart, of the Federal Reserve Board, 
Berridge, of the Metropolitan Life In- 
surance Company, Parlin, of the Curtis 
Publishing Company, Lincoln, of West- 
ern Electric, and B. M. Anderson, of the 
Chase National Bank, are only a few of 
the more familiar examples. 

III. Education for Administration in 
Industry (and Business) 

The expansion of industry during the 
last hundred years — even during the 
last fifty years — ^has been so tremendous 
as to amount to a revolution. Eighteen 
seventy-five was literally ancient history 
from the standpoint of modem business 
development. As David Houston has 
pointed out, greater changes have oc- 
curred in that period than occurred in 
the thousand years preceding. And one 
of the important results of these changes 
has been the demand for a larger amount 
and a higher quality of talent for indus- 
trial administration than the world had 
ever before needed. The direct educa- 
tional response to this demand can not 
be included in the category of a pure 
science. But next to experience, eco- 
nomics contributed most fundamentally 
to this shifting of talent. It supplied 
the fundamental studies upon which 
education for business and industrial 
administration had to be based; it sup- 
plied that material in the form of text- 
books so as to make education generally 
possible ; and it supplied — ^inadequately, 
it is tme— -but nevertheless supplied, 
most of the demand for teachers in these 
new fields. This contribution could 
never have been made without the un- 
derlying scientific labors of all the de- 
ductive and inductive workers in the 
field of economics. Without them our 
business schools and our courses in in- 
dustrial engineering wuld never have 
come into existenee. 
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IV. The Education of Pubuo Opinion 

AND THE EUEVATION OP THE STAND- 
ARDS OF Business Ethics 

The theoretical and applied workers 
in economics were doing more than edu- 
cate college boys who might some day 
become managers. With their scientific 
studies, their text-books and their teach- 
ing, they were educating an entire popu- 
lation to some measure of understanding 
of the problems and phenomena of the 
new world in which we had so suddenly 
found ourselves. Negligible though that 
understanding still is, it is extraordi- 
nary compared with that of a quarter 
century ago. To-day, therefore, the acts 
of industrial leaders are carried on be- 
fore an audience increasingly interested 
and informed on industrial problems. 
One result of the greater public under- 
standing and of the university education 
in management and administration has 
been to bring more and more of the pro- 
fessional spirit to industrial manage- 


ment. With the development of that 
professional spirit has come an elevation 
of ethical standards so that the business 
standards of the eighties would not be 
countenanced to-day. 

With all these shifts in the problems 
confronting us and in the tools available 
with which to meet problems, it is not 
surprising that we are witnessing a shift 
in the type of business or industrial 
manager. In the epoch which we are 
leaving, the industrial leader was a man 
who did not consider risks too carefully, 
who used figures sparingly and played 
hunches. It was the type best fitted to 
survive, for we needed seamen, not navi- 
gators. 

To-day our emphasis is shifting to the 
leader who is a careful planner, a skilful, 
thorough organizer who disregards 
hunches and assembles and studies the 
facts before making a decision. We are 
demanding industrial navigators who 
are familiar with the laws of industrial 
navigation. 


GEOLOGY 

By Professor HEINRICH RIE8 

OOaiTKLL DNIVXB6ITT 


It is of interest to note that the science 
of geology which may be said to have 
originated not more than two centuries 
ago in the vague speculations of the cos- 
mogonists, and which became well organ- 
ized only within the last century, has 
within the last thirty or forty years 
been found to have such wide practical 
application that there has developed a 
well-marked and clearly recognized 
branch called economic or applied geol- 
ogy. 

But although the practical applies' 
tions of geology were not widely recog- 
nized at an early date, there is no doubt 
that Its early development, even as a 
pure science, was partly in response to 


the miner’s desire for accurate informar 
tion regarding the occurrence and dis- 
tribution of mineral deposits. Happily 
the benefits derived in this case were not 
all on one side, for the geologist in turn 
profited much by the information ob- 
tained from the sections of the rock 
formations exposed in mining and quar- 
rying. Indeed, the detailed study of 
mineral deposits has sometimes aided 
greatly in the solution of many funda- 
mental geologic problems. 

Lyell in his classic work, “The Prin- 
ciples of Geology,” has drawn attention 
to the fact that the contribution of dif- 
ferent nations to geological science de*. 
pended not alone on the genius of the 
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mdividual workers, but also to a large 
degree on the peculiar geologic environ- 
ment of their fields of labor. 

And BO while we may say that because 
of these conditions mineralogy received 
a strong impetus in Germany, stratig- 
raphy in England and paleontology in 
France, 1 think we may add that eco- 
nomic or applied geology has developed 
in the United States on a larger scale 
than in any other country, due to our 
important mineral resources and indus- 
tries which cooperate closely with geol- 
ogy. 

The increasing attention which ap- 
plied geology has received from geolo- 
gists has also been reflected in published 
writings, for, as pointed out by A. H. 
Brooks,* there were in 1890 less than 1 
per cent, of the publications of the 
United States Geological Survey devoted 
to applied geology, while in 1910 98 per 
cent, of them treated of this phase of 
the science wholly or in part. The same 
has been true of other countries where 
geologic work has been carried on. 

No better illustration of the impor- 
tance of applied geology and its relation 
to industry can be given than to point 
out the well-recognized fact that mineral 
resources are an important factor in a 
country’s development. The lure of 
gold and other metals has attracted 
thousands into new territory, while the 
search for oil has carried exploring par- 
ties into all parts of the world. When 
once the deposits of these useful ma- 
terials are found and developed, rail- 
roads are built, towns may spring up 
and other industries take root. And so 
the development of industries based on 
mineral products and the carrying out 
of great engineering projects, whose com- 
pletion has involved the solution of 
geologic problems, have not only stimu- 
lated the development of applied geol- 

i/oer. WailL Aead. Soi, Yol U, p. 19, 1012. 


ogy, but involved its close cooperations 
with engineering and industry. 

We can therefore mention at least 
three ways in which this branch of geo- 
logic science makes itself useful. (1) 
Geologic knowledge is essential in the 
intelligent search for and valuation of 
mineral deposits; (2) the application of 
geologic principles to practical problems 
in engineering and other industries is 
often helpful; and (3) the geologist and 
mineralogist have by their investigations 
of the properties of the natural inorganic 
compounds found in the earth’s crust 
accomplished much fundamental work, 
on which the chemist and physicist have 
built. 

Some of the applications of economic 
geology deserve more than passing men- 
tion. 

Watee Supply 

With the tremendous growth of some 
of our cities the engineer is sometimes 
forced to go long distances in order to 
obtain suitable and adequate supplies of 
water. Projects involving the construc- 
tion of large storage reservoirs, dams 
and many miles of aqueduct tunnels or 
trenches to hold pipe lines are under- 
taken. 

Here then he may be confronted by 
geologic problems from start to finish, 
several of which may be mentioned. 

The selection of a reservoir site needs 
to be more than topographically correct, 
since it must also be watertight, and we 
have to consider such geologic features 
as the impermeability of the surrounding 
rock formations and the level of the 
water table around the proposed loca- 
tion. The question of silting up by the 
inflowing streams is a further matter 
which can not be neglected. 

Similar geologic problems present 
themselves in the selection of a dam site. 

No less important is the consideration 
of geologic features where an aqueduct 
is carried below ground in pressure tun- 
nels, for its permanence and tightness 
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depend on tlie tightness and solidity of 
the material tunneled through. Perme- 
able strata, water-bearing beds, crush 
zones due to folding and faulting and 
buried river channels are among the 
geologic phenomena which may cause no 
end of trouble for the engineer, unless 
he knows of their existence in advance. 

The successful completion of one of 
the greatest engineering works in the 
United States, the Catskill aqueduct for 
New York City, which encountered all 
the above-named troubles, has empha- 
sized the great advantage to be obtained 
by the proper coordination of geologic 
and engineering investigations. The ex- 
perience gained here in the application 
of geology to engineering problems 
should serve as a splendid example to 
be copied many times in the future. 

A second phase of water-supply work 
to be considered in this discussion is that 
of artesian supply, for not a few cities 
and rural communities are dependent on 
driven wells. 

No water supply engineer, familiar 
with rock formation and structure and 
their relation to water supply, would 
assume that granite and sandstone were 
equally valuable as aquifers, or that be- 
cause one region supplied an abundance 
of water to wells driven in glacial drift, 
it was possible to get a similar supply 
from another drift-covered area, even 
though the rainfall were the same at 
both localities. Oeology has shown that 
certain rock structures and certain rock 
types are much more favorable as re- 
gards their water yielding capacity than 
others, so that a fairly reliable forecast 
can be made of what is to be expected in 
a given region, where the geologic con- 
ditions are known. 

Rxilboad Construction 

Here again geologic problems confront 
us. In driving tunnels through moun- 
tain ridges, we can not overlook the 
structure of the hill to be pierced nor 
material composing it. 


The reports on the long tunnels driven 
tiirough the Alps make most interesting 
reading, and emphasize clearly the bene- 
fits to be derived by cooperative work 
between the engineer and geologist. It 
is interesting to note that even in that 
region of highly folded strata the cal- 
culations and predictions of the geolo- 
gist checked very closely with the facts 
as found by the engineer. 

This however by no means ends the 
geologic problems that may arise in rail- 
road construction, all of which may 
affect either cost or stability of road. 
These would include investigations of 
materials underlying depressions, danger 
from landslides, zones of faulting, rela- 
tion of rivers to bridges, while in some 
regions, like Alaska, even glaciers can 
not be ignored, as by their advance or 
retreat they may directly or indirectly 
seriously threaten lines of rail communi- 
cation. Perhaps equally important also 
is the investigation of new territory as to 
soils and mineral resources, which can 
yield business to the railroad. 

Miscellaneous Applications 

Other examples of the relation of geol- 
ogy to civil engineering work might be 
discussed did space permit, but all that 
can be done here is to call attention to 
the need of considering rock types and 
foundation characteristics in road con- 
struction or of the bearing of a knovrl- 
..edge of stream action and wave work on 
river and harbor improvement. 

The cause and possible prevention of 
landslides is another fruitf^ subject for 
consideration, and the troublee which 
they gave in the construction of the 
Panama Canal and at other localities 
serve to emphasize the need of being on 
the lookout for similar troubles else- 
where. 

No less important is the problem of 
land subsidence caused in most eases Iqr 
mining operations, but, by its upward 
spread, giving rise to serious surface dis^ 
turbance. Much attention has been 
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givMi to this nutter in Europe, and 
more recently in the United States. 
Many data have been obtained on the 
relation, nature and structure of the 
rocks to the direction and speed of the 
movement. 

Mujtabt Science 

A somewhat new departure in applied 
geology which has rendered conspicuous 
service in various ways in military work 
was that developed during the late 
World War. The selection of camp sites 
and the location of trenches and dug- 
outs were made with respect to geologic 
conditions when this was possible, while 
the location of the water table, as in 
northern France, had an important bear- 
ing on the obtaining of water supplies 
and the operations of mining and counter 
mining. 

Mapping 

The making of a map is regarded 
usually as a purely engineering task, 
and while it is so to a considerable ex- 
tent, nevertheless it is well to remember 
that surface topography is always the 
result of geological processes, and a geo- 
logically trained engineer can interpret 
this knowledge from a topographic map. 
If therefore we have some understand- 
ing of the foundation of our map, it can 
not fail but to assist us in giving our 
topographic features a “more intelligent 
look.” Comparatively minor features, 
which may seem of no importance if 
their cause is not understood, can be 
properly emphasized if the reason for 
their being is known, thus making the 
flnished product of the jsurveyor more 
valuable. 

In this field, however, the geologist 
has been greatly helped by the aviator, 
for the introduction of airplane survey* 
ing has not only given us an accurate 
means of mapping surface features for 
ei|iloration and geologic work, but has 


also resulted in a saving of much time 
and money. 

Metal Mining 

The relation between the geologist and 
the ore miner has been most intimate 
since each one has helped the other. 

The perplexing problems presented by 
broken and displaced ore bodies call for 
careful geologic work in their solution, 
since the all-important point to be settled 
is where the ore has gone. The study 
also of the origin of ore deposits has 
thrown much light on their mineral com- 
position, shape and extent, which assist 
in the operations of exploration, valua- 
tion and mining. We should not over- 
look either the results obtained by a 
study of the peculiar phenomenon of 
secondary enrichment, which it has been 
found affects certain metals more than 
others and represents a process to which 
some of the important ore bodies owe 
their workable richness at the present 
day. 

Coal 

It has been said that coal mining was 
the first branch of industry to which 
geology made itself indispensable* in 
mapping coal fields, tracing the beds, 
working out the thickness, number and 
quality, and other features of impor- 
tance. In many regions the structure 
of the coal measures is relatively simple, 
but in certain ones of more intricate 
structure, the importance of geologic 
work becomes noticeable. 

The world’s geologists have performed 
a useful service in estimating the reserve 
tonnage of the different ranks of coal in 
the several coal fields of the world, and 
in the United States the federal geolo- 
gists have prepared a map showing the 
areas underlain by coals workable under 
present conditions of mining and of 

*WatU, W. W„ Brit. Anoe. Adv. S«L, 
Toronto, 19S4, p. 01. 
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those areas under which the coal lies too 
deep to be workable at the present con- 
ditions. 

Oil 

This mineral resource stands next to 
coal as a source of energy, and forms the 
basis of an industry which has shown 
tremendous expansion, due to the fuel 
value of petroleum, the use of which can 
be said to have revolutionized some 
branches of engineering practice. In 
response therefore to an ever-increasing 
demand, there is going on a world-wide 
search for new sources of supply. 

Since oil reservoirs do not outcrop, the 
geologist has a less easy problem than in 
his hunt for coal. 

Geologic knowledge, keeping pace with 
industrial development, has pointed out 
so clearly what the most probable struc- 
tures are that seem favorable for oil ac- 
cumulation that the oil companies carry 
a staff of geologists, whose exploration 
work involves a direct application of 
geologic principles. 

Agriculture 

While our thoughts may naturally 
turn to civil and mining engineering 
when the practical relations of geology 
are mentioned, there are other lines of 
human activity with which it cooperates. 

Agriculture is an industry which is 
closely related to geology, for the soils 
which support the crops and on which 
the latter depend for food are to be re- 
garded as rock types. Indeed, in making 
soil surveys, the classification of soils is 
based largely on their origin and so 
geological knowledge comes to the aid 
of the soil surveyor. This is more par- 
ticularly true in glaciated areas like the 
northern United States, where the sur- 
face materials are largely of glacial 
origin. Familiarity, therefore, with gla- 
cial deposits and their physiographic 
character and relationships are most use- 
ful in soil mapping. The application of 


the principles and processes of weather- 
ing may also help to a better understand- 
ing of the soil and the formation of soil 
colloids. 

Chemical Industry 

Chemistry and geology are mutually 
helpful. Various chemical industries 
consume large quantities of raw mineral 
products, but since these vary in their 
purity and composition, it is important 
for the chemist to be familiar with the 
irregularities of composition which the 
different types may show, because he is 
often called upon to pass judgment on 
new sources of supply. Here geology 
helps the chemist. On the other hand^ 
the laws of physical chemistry which the 
chemist has worked out are of great as- 
sistance to the geologist in explaining 
many geologic processes. 

Electrical Industry 

In the study of mineralogy, much 
knowledge has been gained of the inter- 
nal structure of crystals and their rela- 
tionships, 80 that when the physicist 
began the study of crystal structure by 
means of the X-ray, he received from the 
mineralogist the results of much pre- 
liminary work that served as a basis for 
his further study. A very important 
advance due in part to the study of crys- 
tal structures has been the development 
of permalloy, whose use in submarine 
cables, as is well known, has greatly in- 
creased the speed of transmission of 
messages. 

Political Geology 

Many of the most important industries 
of a nation are based on mineral prod- 
ucts, this being true during times of 
peace or war. 

That nation, therefore, which possesses 
or controls the greatest variety and re- 
serves of mineral wealth enjoys a posi*- 
tion of major economic importanoe, 
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which becomes an asset of incalculable 
value in time of war. 

This was emphasized during the recent 
world conflict, and indeed it has not 
been overlooked in the past when the 
different nations of the world have been 
expanding their possessions, since they 
have not been blind to the possible min- 
eral wealth of the territory whose an- 
nexation they sought. 

It brings to the fore a branch of geo- 
logic science which has been called po- 
litical geology, and the careful planning 
to acquire lands whose mineral resources 
are essential to important industries has 
been aptly referred to as the strategy 
of minerals. 

To take one simple and clear case, ref- 
erence may again be made to petroleum, 
for as already stated a world-wide search 
is being made for new fields, and the 
reason is simply that it represents one 
of the most valuable mineral resources 
known. That nation, therefore, which 
controls the greatest reserves occupies an 
enviable economic position. 

The United States is at the present 
time the greatest oil producer, but we 
may question whether it has any longer 
the largest reserves. We have used our 
oil more or less wastefully, we have 
placed no ban on free exportation and 
we have been generous in allowing the 
nations of other countries to come in and 
exploit our oil supplies. Unfortunately, 
the last is a privilege which is not per- 
mitted us in all other countries at the 
present time. 

Although the United States is at pres- 
ent the dominating nation in production, 
its consumption is grea^r than its out- 
put, and it is not unlikely that in the 
future there will be important shifts in 
the centers of world production. 

Leith* has remarked that the more im- 
mediate problems aie: (1) Whether the 
discovery and winning of oil can be made 
to keep pace with the enormous aocelera- 

*^^Sleoaoaiie Aipeots of Geologj,'' p. 180. 


tion in the demand, and (2) the adjust- 
ment and financial control of oil re- 
sources, the possession of which is be- 
coming so increasingly important to 
national prosperity. 

Going on down the list of mineral 
resources we find that certain countries 
are far from independent industrially, 
while others are partially so. 

The United States hardly dominates 
the world situation in anything except 
copper, and even here is not so important 
as formerly. She has, however, an ex- 
portable surplus of a number of mineral 
products, but is dependent on foreign 
sources for cobalt, nickel, platinum, tin 
and to a major extent for, asbestos and 
potash. 

Great Britain, to quote an additional 
case, controls extensive mineral wealth 
in her colonies, but within her own 
borders lacks many essential mineral 
products. 

These two instances, and others, serve 
to emphasize the marked degree to which 
different nations are dependent on each 
other. 

CONOLUBIONB 

From what has gone before it should 
be clear that geology is of service to 
man in two general ways. The first of 
these is in exploring and evaluating the 
mineral resources on which industry and 
civilization are built, and the second is 
the application of geologic principles to 
various lines of human activity, such as 
engineering, agriculture, chemistry, etc. 

Both of these are phases of economio 
or applied geology, but neither could be 
developed before geology as a pure 
science was more or less firmly estab- 
lished, and in this proeess it freely ac- 
knowledges its indebtedness to some of 
its older sister sciences such as chemistry, 
physics, botany and zoology. 

It furthermore indicates the close re- 
lationdiip which must exist between the 
different sciences, a connection so close 
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that one can hardly consider them as tioal phases at least oloaely related to 
sharply separated from each other. In the different branches of industiy, ready 
a similar way they are all in their prao- to serve them in every way possible. 

MATHEMATICS 

By Professor GILBERT AMES BLISS 

UKIVXBSITT OF OHIOAQO 


Some time ago your chairman asked 
me to prepare for this meeting a few 
remarks on the contributions which the 
science of mathematics has made to the 
industries. The subject is one which 
has a great interest for me, and 1 will 
try to give to you the impressions of a 
so-called “pure mathematician’’ with 
regard to it. Let us understand at tho 
beginning that I believe the term “pure 
mathematics’’ to be a misnomer. It is 
true that mathematicians sometimes 
have prided themselves on their devo- 
tion to theories far removed from ths 
contaminations of any sort of uses in 
other fields. I can sympathise with 
them to some extent, because the un- 
certainties of the physical or other bases 
for applied mathematical theories, com- 
bined with the vagaries of inexperienced 
mathematical reasoners, do sometimes 
together make what seems to the pure 
mathematician an awful mess. If ex- 
periences of the past are to^ be credited, 
however, it is from these messes that 
truth may be expected finally to emerge, 
whiter and more brightly shining by 
contrast, and not infrequently clad in 
the raiment of pure mathematics. Much 
of the product of pure mathematical 
research of the past has already been 
put to use in some domain or other, 
and much more will in time find appli- 
cation. For this reason, as well as for 
others which may be equaUy defended, 
it is the duty of the pure mathematician 
to have results in his science at all times 
well ahead of the applications, and (m a 
par with the products of other sciences 


which are still unused but which may 
be in demand at any time to meet un- 
expected industrial needs. 

For the purposes of the present dis- 
cussion two types of applications of 
mathematics may be distinguished. 
There are in the first place applications 
of the commonplace everyday sort, 
based upon elementary arithmetic or 
algebraic or geometric principles which 
every educated person is supposed to 
know or which he can “pick up,’’ as 
they say, for himself without serious 
difQculty if he is sufficiently interested; 
and there is a second less elementary 
sort of application which can be devised 
or understood only by those who have 
studied farther into mathematics more 
seriously and thoughtfully. We shall 
see later that the calculus constitutes a 
rather definite intellectual and psycho- 
logical barrier between these two types 
of applications. 

Of the first type. I shall not have 
much to say. You probably did not 
come here to hear about them, and I 
shall not detain you long in speaking 
of them. But their importance in our 
modem civilization is undeniable. We 
all recognize the slowly rising tide of 
dissatisfaction with non-metric systems 
of measurements, or at least we have 
experienced in our travds the incoa- 
venience of business transactions in a 
country in whose monetary system tiie 
first two decimal points represent twen- 
tieths and two hundred fortieths ef a 
unit instead of tentiis and hancbedtbe. 
The economic waste of bookkeeplag in 
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pounds, diillings and pence must be 
Urge indeed. But -what would become 
of our present economic structure if we 
had no Arabic but only Roman numer- 
als with which to carry through our 
arithmetical operations T What would 
become of a highly organized and com- 
plicated manufacturing or merchandis- 
ing establishment handling hundreds of 
thousands or millions of units per year, 
with a delicately adjusted system of cost 
computing and accounting without 
whose accuracy neither success nor fail- 
ure could be accurately predicted or 
measured. The answer is easy. Noth- 
ing would become of such an economic 
structure or of such a business estab- 
lishment, because without the operations 
of elementary mathematics, as we now 
understand and use them, none such 
could ever have been developed. 

These . remarks have a certain trite- 
ness, We all recognize the indispensable 
signiflcance of arithmetic and other 
forms of elementary mathematics in 
our daily life. The aspect of the mat- 
ter which really needs emphasis, how- 
ever, is that there is no mathematical 
process, either elementary or advanced, 
which is not the product of mathemati- 
cal research in some bygone age. We 
are in the habit of accepting the subject- 
matter of our elementary curricula as 
property whose acquirement puts us 
under no obligation and demands from 
ns no expressions of gratitude. But 
the most casual examination of the his- 
tory of mathematics reveals the nuthe- 
matieians of the past struggling with 
arithmetical notations; struggling to in- 
trodnee and interpret the decimal point 
and the symbol zero after the other 
digits had been invented; struggling to 
develop operations of addition, sub- 
traction, mnltiidiaation and division 
suited to the me^anisms of their respec- 
tive methods of writing; struggling to 
operaU with fractions by reducing Aem 
all to a commoii numerator unity instead 


of to a common denominator as at pres- 
ent; struggling to find the ratio of the 
circumference to the diameter of a circle ; 
searching, seeking, investigating for our 
benefit just as we must constantly con- 
tinue to do in our own epoch for the 
benefit of future generations if we would 
maintain our respect for ourselves as 
participants in the forward development 
of the human race. I have said already 
that a large part of the product of the 
mathematical researches of past genera- 
tions has already been put to praetical 
uses. Some of this product was at the 
beginning the response to economic de- 
mand, but much of it was the work of 
investigators who were spurred to activ- 
ity by pure love of science and the ap- 
plause and appreciation of their fellows. 
Let us see to it, if possible, that our own 
civilization appreciates and supports 
adequately the pure scientist, for if we 
do not do so progress will presently 
cease and we shall be regarded by men 
of the future as a selfish, self -centered, 
materialistic race. 

1 have spoken briefly of the applica- 
tions of elementary mathematics in 
everyday life. Much more could be 
said upon this subject if there were time 
to do so. But there is not, and we may 
well turn our attention therefore to 
applications which are of a less elemen- 
tary sort. 

I suppose there is no plaintive request 
which is made more frequently to mathe- 
maticians by persons who have com- 
pleted the formal processes of their edu- 
cation and entered actively into careers 
or professions of some sort, than the 
request for an elementary, and espe- 
cially a short, presentation of the prin- 
ciples of the ealoulna. There is in fact 
no very eaay road to an understandiitg 
of the calculus, though I hope and be- 
lieve that ways can Im found and books 
can be written whieh will make its prin- 
ciples much dearei; and more readily 
acocsaible than they are to-day. The 
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great advances in the science of mathe- 
matics have been the product not of in- 
dividual workers alone but of periods 
and schools. The roots of modem 
mathematical analysis reach back to an- 
tiquity, but the period of greatest activ- 
ity in the developments of the elements 
of the calculus was the seventeenth cen- 
tury, and the great spokesmen of that 
period were Newton and Leibniz. At 
that date the fundamental principles of 
the theory were none too clear, and mis- 
understandings gave rise to many de- 
rogatory comments and lively scientific 
discussions. It was remarked by one of 
Newton's contemporaries that his new 
theory was a remarkable and brilliant 
piece of work, but that it would very 
likely never be thoroughly understood 
and appreciated except by persons im- 
bued with unusual scientific interest 
and intellectual curiosity, a line of talk 
which is astonishingly like the comments 
on the theory of relativity which we hear 
to-day. 

Very soon, however, it became clear 
that the new science would have a far 
more extensive application than was at 
first anticipated. During the eighteenth 
century the Bernoulli brothers and 
Euler, in Switzerland, and Lagrange, in 
France, formulated in terms of calculus 
notions a new theory of mechanics, and 
another Frenchman, Laplace, made 
great strides in the application of the 
theory to the motions of celestial bodies. 
It is true perhaps that in those early 
days theory predominated and the ac- 
curacy of the fit with natural phe- 
nomena was none too well established. 
In the nineteenth century, however, 
great progress was made in the process 
of adapting theory to practice in celes- 
tial mechanics, and the work is still in 
continuation to-day. Modifications have 
been made, such as the relativity theory, 
which are varied and important, but the 
foundations still rest on the researches 
of the men whom I have mentioned and 
their contemporaries. 


I have spoken somewhat hastily about 
the origin and development of mathe- 
matical analysis and I should like now 
to mention some of the products of this 
development which affect materially the 
prosperity of the human race to-day. If 
you are on a voyage and strike up an 
acquaintance with the navigating ofBcer 
of a ship and accompany him to the 
bridge, he will teU you perhaps that 
mathematics plays a very small part in 
the practice of navigation. If you are 
mathematically inclined you will be 
surprised at the limited amount of 
mathematical knowledge and computa- 
tion which are required for the deter- 
mination of the position of a ship at 
sea. A few observations and some ele- 
mentary computation with the help of 
tables is all that is necessary. . But one 
should not be deceived. There are few 
domains of applied mathematics where 
the operations used in practice have 
been so tabulated and systematized as 
they have been in the practice of navi- 
gation. Behind the tables of the mo- 
tions of celestial bodies used by the 
navigator lies the whole history of the 
development of the calculus and its ap- 
plications to celestial mechanics. With- 
out Newton, Lagrange, Laplace, Hill, 
Poincar£ and many others, who devel- 
oped the theory, and without the Delau- 
nays and Newcombs, who fitted the 
mathematics of their predecessors to the 
heavens, the problems of the modem 
navigator would be unsolved and inter- 
national commerce as we know it to-day 
would be impossible. It is well known 
of course that tiie art of navigation has 
mathematics in it, but I think that few 
persons of the general public realize the 
distinctly mathematical character of the 
celestial mechanics upon which the the^ 
ory of navigation is based. It is per^ 
haps the most fundamentally important 
and effective single application of matbe* 
matioB which could be mentioned. 

There is another assistsiit to the nati- 
gator which has mathematics in 
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namely, hia map. It ia well known to 
mathematiciana that the surface of the 
earth oan not be mapped upon a plane 
in such a way that angles will be pre- 
served and distances on the map be 
everywhere proportional to correspond- 
ing distances on the earth’s surface. A 
map of this kind, if it were possible, 
would be most desirable and satisfactory. 
Since it is not possible to make such a 
map we must be content to approximate 
to it as closely as possible, or to construct 
maps for special purposes portraying ac- 
curately a part only of the geometrical 
properties of figures on the surface of 
the earth in which we are interested. 
Thus we may ask for a map preserving 
areas to scale; the battery commander 
in the field needs a map which preserves 
angles and indicates distances with the 
least possible error for a limited portion 
of the earth’s surface; the navigator 
uses a map which represents lozodromes, 
or curves of constant direction on the 
earth’s surface, as straight lines. To 
determine the course of a ship along 
such a lozodrome one needs only to rule 
a line on the navigator’s map from start- 
ing point to destination. 

Maps of all these types, and many 
others, have been constructed. Archi- 
medes knew a fundamental property of 
one of the area-preserving maps, and 
Lambert and Bonne constructed others 
in the latter half of the eighteenth cen- 
tury. The maps of Bonne were used by 
navigators on the Atlantic for many 
decades. Curiously enough, the map 
now used most extensively in navigation 
is one published by Mercator in 1569. 
He described accurately, its property of 
representing lozodromes by straight 
lines, but gave no theoretical explana- 
tion. Lagrange in 1779 invented a map 
whibh preserved angles and represented 
meridians and parallels as circles on the 
plane. 

All these are special cases and there 
are many others. For the general prin- 


ciples applicable in the theory of map- 
making the mathematician would tom, 
1 think, to a memoir published in Latin 
by Gauss in 1827 and whose title trans- 
lated would be ’’General investigations 
of curved surfaces.” This is a famous 
old memoir, containing principles useful 
not only in map-making but in many 
other domains of applied mathematics. 
It was the precursor, for example, of the 
geometrical theories of Biemann, and of 
Ricci and Levi Civita, and of the rela- 
tivity theory of to-day. But I have said 
enough about map-making. Without 
maps and the mathematical theories of 
surveying which go with them, the navi- 
gation of the present, and many of our 
modem engineering enterprises, would 
be impossible. 

There is a type of activity of the 
average university professor of mathe- 
matics which I think is fairly described 
by the term mathematical settlement 
work. It consists of efforts to answer 
questions of more or less serious mathe- 
matical character proposed by members 
of the faculty outside of the mathemati- 
cal department or by members of the 
community outside of the university. 
These questions usually have little 
mathematical interest, but they some- 
times have a very considerable signifi- 
cance for the proposers. 

Questions concerning amortisation of 
payments are common. A neighbor of 
mine, now very near the top in a large 
manufacturing concern, told me glee- 
fully that he made his first favorable 
impression upon his superiors by solving 
a mathematical problem of amortizing 
the costs of sprinkling systems for a 
fiock of factories against savings in in- 
surance premiums. It took him a ’’week 
of nights, ’ ’ to use his own words, to And 
and check by out and try methods the 
results he thought he needed, but the 
net result was an annual saving to his 
oompony, after a period of years, of a 
good many thousands of dollars. Mathe- 
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matically the problem had no real diffi- 
culty, though, as 1 remember it, a 
method of approximation was necessary 
for its solution if tables were not used. 
1 ^ould hate to think that there are 
many such situations in the business 
world whose mathematical possibilities 
go unrecognized. 

An efficiency expert called upon me 
unexpectedly late one Saturday after- 
noon. He seemed at the same time ex- 
cited and depressed, and it turned out 
that he had been trying for several days 
to construct norm curves for the gui- 
dance of salesmen for a certain business 
house, in accordance with specifications 
prescribed by its chief executive. He 
was disturbed in his mind, talked rap- 
idly, and it was impossible to think while 
he was present. But within a half hour 
of his departure it became clear, by a 
mathematical demonstration which was 
agreeable to me at least, that curves of 
the kind demanded were impossible. A 
number of different curves could be con- 
structed, each having some of the prop- 
erties specified, but there was no single 
curve possessing all of them. I natu- 
rally hastened to the telephone to bring 
relief of mind to a fellow mathematician 
in distress. But the effect was far from 
satisfactory, for what chance has mathe- 
matics in the mind of an efficiency ex- 
pert as opposed to the instructions of a 
business executive f 

From questions which reaeh us it 
seems that graphical methods or special 
tables, often expensive to prepare ini- 
tially, might in the long run be econom- 
ical in many situations in the bttsiness 
world. Some years ago one of our stu- 
dents graduated and went into business 
with his father in the manufacture of 
boxes. He found that their saleonen 
were having difficulty in computing 
costs. The costs depended upon seven 
variables corresponding to different 
sorts of materials which might be used. 
The computations were frequently l<mg 


and embarrassing in the presence of a 
customer, and sometimes it was neces- 
sary to appeal to the home office. One 
of the members of our department de- 
vised a graphical method which relieved 
the situation. The cost of computing 
the tables and drawing the grap^ was 
twelve hundred dollars, but the box 
manufacturer seemed satisfied, for the 
average computing time for his sales- 
men was reduced to two minutes. 

Not very long ago a patent attorney 
came to me from a manufacturer of 
large storage tanks. He wanted advice 
in the design of tanks on which the 
pressure of the contained liquid should 
be at all depths the same, so that the 
tank could safely be constructed with a 
skin of uniform strength and thickness. 
With the connivance of a physicist the 
differential equation of the form curve 
for the side of the tank was set up, but 
it proved to be of a type which could 
not be solved in terms of elementary 
functions. A formula familiar to dif- 
ferential geometers, but beyond the cur- 
riculum of the average engineer, fur- 
nished an effective graphical method of 
solution. Designs for such tanks have 
now been made by engineers and are 
being patented. The problem is related 
to the well-known mathematical prob- 
lem of the determination of the form of 
a drop and has considerable mathemati- 
cal interest. If I had pursued the in- 
vestigation to its finish I should have 
wanted to inquire carefully into ques- 
tions of stability, but engineers have 
doubtless methods of their own for in- 
suring safety in this respect. 

I have mentioned these mathematical 
incidents, not because any one of them 
is of great importance in itself, but be- 
cause, if they ere as a group typical, 
they indicate that busmesa and induatrj^ 
are peiineated with problems which are 
not only susceptible of mathematieal 
treatment but whose satisfactory soltf- 
ti(m requires shch treatihent. There are 
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many othen which might be mentioned. 
It amused me- the other day to hear 
from an economist that one of the great 
mail order hooses has mathematical for- 
mulas regulating each day the speed of 
operation of various departments as 
functions of the weight of the morning 
mail sacks. There must be many 
mathematical situations whose mathe- 
matical character escapes notice, and 
not always perhaps on account of the 
inexperience of executiyes. I should 
like to relate to you an experience of my 
own which shows that sometimes a really 
intimate acquaintance with a problem 
may be necessary before its nature can 
be well appreciated. 

In 1918 one of my mathematical 
friends, Professor Oswald Veblen, of 
Princeton, was taking a prominent part 
in the ballistical work at Aberdeen 
Proving' Ground. He wrote urging me 
to join the group of mathematicians 
associated with him there, but I refused, 
because my experience in ballistics was 
that of the merest dilettante and because 
I thought I could be of greater service 
elsewhere. His insistence was so urgent, 
however, and my confidence in his judg- 
ment so great that I finally agreed to his 
proposal. My surprise, upon becoming 
acquainted writh the problems of his 
staff, was complete. Before the war the 
theory of ballistics contained an ap- 
proximation, valid only for trajectories 
with low initial elevations, whose appli- 
cation made it possible to integrate the 
differential equations of a projectile in 
terms of elementary functions. The 
theory was satisfactory until long-range 
gttns began to be elevated above twenty 
degrees, and then it became necessary to 
revise it completely. The new methods, 
based on principles altogether different 
frm the old ones; were provided by 
mathematicians and are ably presented 
by F. R. Moidton in a recent book on 
exterior brilistics eontaining muOh new 
and remarkable material which he him- 
self and others have contributed. 


The particular problem in which I was 
with others interested was the computa- 
tion of differential corrections to the 
ranges of projectiles due to such causes 
as variations from normal in the tem- 
perature or weight of the powder charge, 
variations from normal in the weight of 
the projectile, winds, and variations 
from normal in the density of the air at 
various altitudes attained by the projec- 
tile, and for very long trajectories the 
rotation of the earth. The computation 
and tabulation of these corrections in 
form convenient for rapid use by the 
battery commander in the field is a com- 
plicated mathematical problem, and is a 
fundamental problem of range table 
construction. It is also a very costly 
and arduous one on account of the large 
variety of projectiles whose behavior 
must be studied and tabulated. 

When the initial velocity and eleva- 
tion of a projectile is given the range 
under normal conditions is theoretically 
uniquely determined. But if a wind is 
blowing it may vary widely from the 
computed value, and the projectile may 
fail to reach its mark. The velocity w 
of the wind at various heights is deter- 
mined as a function of the altitude y by 
sending up a small balloon and observ- 
ing its positions at equal intervals of 
time, and the range of the projectile is 
a function of the wind-function v}{y). 
I do not wish to enter here into mathe- 
matical details farther than is necessary 
to indicate that the range as a function 
of the winds is a function of a new type. 
It is not a function of a single variable, 
or of several variables, such as one com- 
monly meets in applications of mathe^ 
matics. bat it is a foncticm of another 
function or, as mathmnatidans some- 
times call it, a function of a line. The 
oompatation of the fiVst differential of 
this function is the computatiou of the 
wind correction to the range. 

Now the theory Af funetioas of lines 
is on the farther botittdMy of the ex- 
plored mathematical domain of to-day» 
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and I for one should never have ex- 
pected it to have an application in bal- 
liatics. Its methods were effective, how- 
ever, for they reduced by three fourths 
the labor in computing the most numer- 
ous corrections in the range tables, and 
the cost of these improvements in terms 
of scientific experts was negligible in 
comparison with savings which would 
presently have accrued if the war had 
continu^. I may add that the impor- 
tance of accurate range tables can 
hardly be over-estimated. An improve- 
ment in a range table which might re- 
duce by one the number of shots fired 
for adjustment from a fourteen-inch 
gun in order to attain a target, would 
on each such occasion save one third or 
more of the average salary of a scientific 
expert at 1918 rates. I leave you to 
make further computations if you are 
interested. 

It seems to me that this bit of applied 
mathematics is interesting in itself and 
that it illustrates principles upon which 
I have insisted here before. No one can 
foresee what portions of the science of 
mathematics of to-day may have appli- 
cations in the future. 

I have said very little up to the pres- 
ent about the theory of statistics and 
its ever-widening field of applications 
in business and industry. Of the mathe- 
matics of the actuary I shall have little 
to say. From the standpoint of the 
mathematician much of it is elementary, 
though not by any means all. Its im- 
portance seems to me self-evident. 
There are plenty of instances of pension 
schemes and insurance enterprises which 
have failed because of neglect or igno- 
rance of the mathematical principles in- 
volved, and the importance of such 
enterprises to our security and happiness 
when wisely administered needs no ad- 
vocation, Without the mathematics of 
the actuary and the so-called mathemat- 
ics of finance I believe that such ad- 
ministration would be exceedingly diffi- 
culty if not impossible. 


There has recently come to my atten- 
tion an application of the theory of 
statistics of a different sort which has 
interested me much and which indicates, 
it seems to me, a type of industrial 
question which can be answered satisfac- 
torily by means of statistical theory and 
perhaps not so answered by any other 
means. For some time past one of my 
colleagues, Dr. Walter Bartky, has been 
associated with a very large manufac- 
turing company as a consulting statisti- 
cian. The theories with which he is 
engaged are theories of sampling whose 
purpose is to provide methods of testing 
economically and effectively the product 
of departments or machines which turn 
out duplicate pieces in large numbers. 
Shewhart and Fry, of the Bell Telephone 
Laboratories, and perhaps others also, 
have studied questions of this and simi- 
lar character, but all these efforts to 
apply statistical methods to testing prob- 
lems are, I think, of comparatively re- 
cent date. The technical information 
which I have comes largely from Dr. 
Bartky and I am much indebted to him 
for it. 

I can not describe the methods in- 
volved in detail, but I can perhaps in- 
dicate as an illustration one of the 
simpler questions which can be satisfac- 
torily answered. Suppose that a depart- 
ment or group of machines is turning 
out pieces in such large numbers, per- 
haps hundreds of thousands, that in- 
spection of the entire product is eco- 
nomically impossible. The operation of 
the department as checked by an inspec- 
tion department will not be perfect, but 
will in the long run produce a percen- 
tage of defective pieces which can be 
determined. For manufacturing reasons 
it is not advisable to approve a product 
containing more than a certain per- 
centage of defectives. This percentage 
is called the tolerance percentage and ia 
usually small, from one tenth of one 
per cent, to five per cent. The pieces 
come through the process of manufao* 
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tore in onilormly numeroiu lots, for 
each of which a nomber of defectiTcs, 
determined by the tolerance percentage, 
is permissible. The numbers given in 
advance are then three: (1) the average 
per cent, of defectives produced by the 
department in the long run, (2) the 
number of pieces in each lot, and (3) 
the maximum number of defectives tol- 
erated in each lot. The statistician must 
determine from these numbers the sise 
of the sample to be drawn for inspection 
from each lot, and an acceptance num- 
ber, as it is called, of defectives for each 
sample, which will indicate in nine cases 
out of ten those lots which have more 
than the tolerance number of defectives. 
Furthermore, this determination must 
be made in such a way that the total 
number of pieces inspected, or what is 
the same thing, the total inspection costs, 
shall be a minimum. 

The probability formulas involved 
seem to be simple enough, but the num- 
bers occurring in them are so large that 
it is quite impractical to compute their 
values without the use of approxima- 
tions. The discovery and analysis of 
these approximatioiu and the careful 
justification of them constitute the 
mathmnatical difficulties of the problem. 
It is hardly necessary to add that when 
lots detailed for inspection are deter- 
mined by a multiple sampling process, 
or when the piece produced is only one 
part of a more complicated product, or 
when the flow through the department 
is regarded as continuous instead of 
lumped into lots, the problem may be- 
come mathematically much more compli- 
cated. 

It may be interesting to you to hear an 
estimate, which is not my own, of the 
posidble financial significance of the ap- 
plication of tiiese methods. The cost of 
producing a sine^ chart for the guidance 
of a department of inspection -may in 
Sana eases be as much as several thou- 


sand dollars, and the annual cost of a 
statistical department may run as high 
as fifty thousand dollars per year. But 
the total costs of inspection in the conr 
cem of which I am speaking, for prob- 
lems which might be susceptible to the 
mathematical theories of sampling proc- 
esses, may be estimated roughly at three 
million dollars per year. Of this amount 
the mathematicians might hope to save 
one quarter at least and possibly one 
half. The sampling costs in one depart- 
ment, where methods not yet perfect are 
in operation, have been reduced, with an 
actual gain in efiSciency, from one hun- 
dred and twenty-five thousand to one 
hundred thousand dollars per year. The 
total inspection costs which might be 
amenable to such savings in a larger 
group of afSliated companies can prob- 
ably not be calculated with accuracy, but 
I am told that a conservative guess 
would be fifteen million dollars per year. 
These totals are somewhat incompre- 
hensible to an individual mathematician 
like myself who jingles only silver, and 
at times only keys, in his pocket. I en- 
joy the sound of them and should like 
to hear them talked about frequently, 
and confirmed perhaps from several 
sources. 

Of the relative effectiveness of mathe- 
matical methods as over against surmises 
in statistical problems I have no doubt 
whatsoever, and I know of no more ap- 
propriate applications of statistical theo- 
ries than problems of the type which I 
have just described. If the sums in- 
-volved are as large as they seem to be 
I can conceive of no poorer policy than 
to leave the solution of such problems to 
foremen of departments, or to the com- 
mon sense or business judgment of ex- 
ecutives who have limited mjitbamu tiAul 
experience. They are clearly mathemat- 
ical problems and should be solved by 
mathematical methods, in so far as 
mathematioal methods ban be devised to 
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apply to them and mathematicians with 
research interest and experience induced 
to take ah interest in them. 

I have so far said very little about the 
applications of mathematics in enpneer- 
ing and I hesitate much to do so before 
an audience including many who would 
be much better qualified to speak upon 
this subject than myself. But I will try 
to give you some of the impressions of a 
pure mathematician in the presence of 
the mathematics of the engineer. 

I find that practicing engineers, and 
members of engineering faculties, fre- 
quently show great reluctance in admit- 
ting that mathematics plays an essential 
r61e in engineering problems, though the 
books on engineering seem to tell a dif- 
ferent story. However much the engi- 
neer may prefer to avoid thinking in any 
except ^e most intuitive mathematical 
terms, yet there is after all an irreducible 
minimum of mathematics in his science, 
including principles of the calculus and 
some of a more advanced type, without 
which he would be very uncomfortable 
indeed, and which are in fact in some 
form or other indispensable to him. I 
was much interested recently to find in 
print an exposition of the engineer’s mis- 
trust of mathematics, in the last chapter 
of a well-known book on the strength of 
materials. The sentiments there ex- 
pressed are not my own, and the com- 
ments on mathematics there made will 
not all stand the test of accuracy, but it 
seems to me that the attitude of mind ex- 
hibited is somewhat like that of other 
engineers with whom I have conversed 
about the matter. The keynote of the 
chapter is the adjuration to use comm(m 
sense in avoiding mathematics where 
mathematics is inapplicable, and in 
avoiding tests where testing conditions 
do not properly duplicate the conditions 
under whi^ the results of the tests are 
to be applied. This is wisdom to which 
I dionld heartily subscribe. But in def- 
erenee to mathematics I should like to 


add one further principle. Itisthatconir 
mon sense should also be sempuloudy 
avoided in places where ctnumon sense 
does not apply. No amount of common 
sense unaid^ can predict the motions of 
the heavenly bodies, or construct a range 
table, or prescribe the most economical 
and effective methods of testing under 
conditions such as I have described 
above. 

That mathematics may sometimes be a 
guide and not merely a tool in engineer- 
ing research is well indicated in a very 
interesting letter which I received re- 
cently from Dr. T. C. Fry, of the Bell 
Telephone Laboratories, and which 1 
will translate in part to you in my own 
words. If there seem to you to be dis- 
crepancies with the facts in my account 
please attribute them to me -and not 
to him. 

Pupin’s paper of about 1900 on load- 
ing of electrical circuits marks an epoch 
in the development of telephony. Heavi- 
side had suggested the possible advan- 
tages of such loading, but Pnpin reduced 
these crude suggestions to exact form by 
means of a mathematical investigation, 
and checked his results experimentally 
afterward. I may say for myself that 
one of Pnpin ’s papers of this period, 
which I happen to have in my library, is 
an exceedingly interesting application of 
what mathematicians ' call a boundary 
value problem for a differential equation 
of the second order. 

Alternating current theory is in fact 
the theory of linear differential equa- 
tions of the second order. Modem de- 
velopments in this domain are due to 
EenneUy, Steinmetz, Carson, Bush, Wag- 
ner and Qustav Mie. I infer fnmi Dr. 
Fry’s letter that the applications of the 
theory to more eomplieated electrual 
networks lead again to boundary value 
problems of someiriiat the same type is 
thoee studied by 

The transmission of move tibaa one 
telephone meamge over a single pair df 
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wires is aceompliahed by means ef wave 
filters designed upon purely mathemati- 
oal developments by Campbell, Carson 
and Zobel. The enormous economic im- 
portance of this application is clear if 
one remembers that a single pair of long 
distance wires now carries as many as 
three telephone conversations and twenty 
telegraph messages all at the same time. 

The story of the first submarine cable 
across the Atlantic is dramatic. Lord 
Kelvin, who was plain Mr. Thompson at 
the time, was the scientist involved. On 
the basis of reasoning that was at least 
indirectly mathematical he concluded 
that the cable should be worked at lower 
potentials than those which were pro- 
posed by the chief engineer of the 
project. After the cable was finally 
completed the engineer acted upon his 
own judgment and the cable was utterly 
ruined iniside a week. 

Within the last two years a new epoch 
in submarine cable telegraphy has begun 
as a result of the use of the new mag- 
netic material, permalloy. The chief 
credit must go to permalloy, but it 
would have cost enormous sums of money 
to find out the things which Carson and 
Gilbert deduced mathematically. A pure 
mathematician might not approve of all 
the details of the analysis used, but the 
cables have been laid, and they transmit 
four times as many words per minute as 
the best of the old sort. 

This is an impressive list of the 
achievements of mathematics in a single 
domain, indicating how intimately inter- 
woven that science is with the applica- 
tions of electrical theories in the indus- 
tries. I am greatly indebted to Dr. Fry 
for it. 1 have omitted with regret the 
applications of atatistioal theories which 
he mentioned in his letter, in some of 
which he has himself been intimately en- 
gaged, beoause I have already spoken at 
eonnderable length upon that subjeet 

There is one furthw tj^e of applied 
matheonatioa which I ahoidd like to men- 


tion. The applicationB of mathematics 
which I have hitherto cited, and doubt- 
leK many others immediately important 
for the industries of to-day, depend for 
the most part upon the theory of func- 
tions of a single variable. No sharp line 
of demarcatitm exists between them and 
the more advanced theories which I have 
in mind at this moment, but the latter 
may be roughly characterised by the 
fact that they involve functions of sev- 
eral variables instead of a single one. 
Among them are included the mathe- 
matically more intricate portions of Gie 
theories of gravitational attraction, ther- 
modynamics, hydrodynamics, elasticity, 
sound, and electrodynamics with its re- 
lated theories of light. The whole lot 
may be fairly described by the single 
title, the mechanics of continua. It is 
characteristic of problems in this field 
that they lead to partial instead of ordi- 
nary differential equations, and the 
ma^ematical problem which most fre- 
quently emerges is that of determining 
a solution of a partial differential equa- 
tion which is well defined in a certain 
region of space, and which is determined 
uniquely by properties on the boundary 
of the region prescribed by the physical 
question whose answer is sought. Ex- 
amples of problems of this type are 
the determination of the potential func- 
tions for a gravitational field, the deter- 
mination of temperature variations in a 
field when temperatures at the boundary 
are assigned, vibrations of strings and 
membranes, the determination of poten- 
tial functions for electrostatic or mag- 
neUo fields, and many others. I must 
admit that these problems have a great 
fascination for the mathmnatioiaii, irre- 
spective of their appUeabUily in lire in- 
dustries or in ne^hboring ecienoes, and 
I am willing to make this admission in 
spite of the fact that the yielding to 
such fascinations is sometunes implh^ to 
be a fault rather than a virtue. 

Mudi work has been done by matiie- 
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xnaticians in the domain of boundaiy 
value problems, but an enormous amount 
remains to be learned about them, and 
the subject will probably never be ex- 
hausted. The further development of 
methods of computation which will make 
theoretical results of immediate service 
in the applications is highly to be de- 
sired. Until such methods are known 
we can not hope to convince fully the 
practitioner of the importance of these 
theories from his standpoint. That the 
more advanced mathematical theories 
have great value in the interpretation 
of phenomena apart from numerical ap- 
plications, however, seems to me well 
illustrated by the avidity with which 
the physicists have recently seized upon 
the theory of relativity, and by their 
restless searching for an adequate mathe- 
matical explanation of the phenomena 
of the quantum theory. One by one 
mathematical devices for this purpose 
are invented, tested and discarded, with 
a rapidity which is bewildering to mathe- 
maticians and to the physicists them- 
selves. The situation in the quantum 
theory has been described as analogousf 
to that of the theory of celestial me- 
chanics just before the time of Newton, 
and it is said that a super-Newton is 
required to unravel the difBculties in 
which the physicists now find themselves 
involved. It seems to be sO, and I know 
of no more likely way for a mathe- 
matician to win great reputation at the 
present time than by entering into t.hiR 
domain. The only difficulty is that as- 
cent to the pinnacle of fame is likely 
to be laborious and difficult, tenure of 
equilibrium there unstable, and descent 
unceremonious. Prom failures quite as 
much as from successes, however, the 
final solution will doubtless be evolved, 
and if present indications are to be 
trusted its character is likely to be 
mathematical as well as physical. 

It is interesting to notice that the 
mathematical quantum explanationB 


have been for the most part developed 
in Europe. We have at present in 
America, and have had in the past, rela- 
tively few scientists of prominence de- 
voting themselves to the more advanced 
domains of applied mathematics. We 
have had no adequately populated 
school of applied mathematics from 
whose membership greater minds might 
be expected at reasonable intervals to 
emerge. Comparatively recently agita- 
tion has been started for activity in this 
domain, and a beginning has been made. 
But the sympathetic support and ap- 
preciation of practicing mathematicians 
and engineers, of the pure mathema- 
ticians, and of scientists in other neigh- 
boring domains is urgently needed. 

In conclusion let me set forth the 
three hopes which I have desired to 
further in some small way by the prepa- 
ration of this paper. I am hoping first 
that the calculus, which is so important 
in the immediate applications of mathe- 
matics to-day, may be presented earlier 
and more clearly in our college curricula, 
and that it may become a familiarly con* 
venient tool and friend to the practicing 
mathematician, instead of a stumbling 
block and barrier. In the second place, 
I am hoping that avenues of com- 
munication between the industrial and 
mathematical worlds, numerous and 
broad and open, may be constructed, 
and that traffic in ideas and fluidity of 
adaptation of such ideas may be freely 
encouraged between the two. My third 
hope is that we may have in America 
a well-populated school of applied 
mathematics with corresponding activity 
of interest in the applications of mathe- 
matics in all their phases, a school which 
in personnel and numbers shall be com- 
parable with the dignity of our repre- 
sentatives in the other sciences. Begin- 
nings have been made, but encourage- 
ment and appreciation are necessary 
from all of us, even if results achieved 
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do not flt perfectly into our individual 
scientific or practical needs. 

1 have been speaking for mathematics 
in response to the request of your chair- 
man, and because it is the only science 
which I could in any way adequately 
represent. But it would be a very nar- 
row mind, it seems to me, which be- 
lieved that mathematics, or any other 
science, has a uniquely fundamental 
rdle to play in the interpretation of the 
universe of phenomena about us. The 


keynote of our age is cooperation, and 
for the scientist that means cooperation 
in the restless and inevitable ^ort of 
the human race to transform a life of 
slavery into one of mastery, as far as 
may be possible, of the natural forces 
in which we find ourselves immersed. 
I shall be satisfied if I have indicated 
with some degree of clearness the desire 
of mathematicians, as members of a 
much larger community of natural sci- 
entists, to aid in that transformation. 


PUBLIC HEALTH 

By Professor RANDLE C. ROSENBEROBR 

JXITIESOM UEDIOAL OOLLBOB, PBILAOBIiPHIA 


When we become reminiscent and 
think of the appalling death list attribu- 
table to typhoid fever alone, it certainly 
looks at the present time that many lives 
may have been saved. 

Tliis monster of super Gargantuan 
proportions with seven (or more) league 
boots, stepping here and fouling a water 
supply; again leaving a filthy spot or 
area for flies to breed ; or, for some poor, 
uneducated people to come in direct con- 
tact with and thus spread infection, we 
believe, and the statistics also prove, that 
this monster can be held in check. 

C. Macfie Campbell in his monograph 
on delusion and I^lief says that “man is 
no longer impotent in the face of devas- 
tating forces of disease, but by master- 
ing the nature of these forces and study- 
ing his own bodily resources he has 
erected cunning defenses.” 

The “mastering the nature of these 
forces” and “erecting cunning de- 
fenses” has been the result of problems 
solved principally by sanitary engineers. 

An engineer is described as being one 
who carries through an enterprise or art- 
ful contrivance. 

The artful contrivances must be in- 
ferred to mean those that are performed 


or are characterized by art or skill or 
both. 

Again, an engineer is described as 
being an efficient manager, so, taking the 
meaning of the terms we have in the 
most liberal form an engineer is one who 
carries through or manages by skill or 
art, or both, some enterprise or feat. 

This enterprise may be one that cmn- 
prises the selection of a water supply of 
a town or city ; it may mean the disposal 
of sewage, garbage and other like wastes ; 
it may mean the disposal of, or disposal 
and recovery of irritating or poisonous 
dusts and fumes; it may mean the per- 
fection of a model building or factory 
where workmen or laborers may woric in 
safety; it may be the perfection of an 
apparatus or equipment for the proper 
handling of such foods as milk, eggs, 
gelatin, etc. Besides these projects we 
may include the methods introduced for 
the destruction of mosquitoes and for 
their eradication; insuring the safety 
and purification of the supply of cows’ 
milk as well as methods for the preven- 
tion of disease and death in the various 
industries. 

Thus it is seen that these multiplied 
engineers comprise a great army tending 
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in the main towards the prevention of 
disease uid prolongation of life from 
many angles. 

The results attained by engineering 
feats for public health are numberless 
and diversified, but particularly out- 
standing are those brought about where 
certain diseases have been stamped out 
and eradicated, in some instances, for- 
ever. 

In the early days when infectious dis- 
eases were thought to be brought about 
by miasms or humors, where pioneer 
work was instituted, especially in the 
purification of water and disposal of 
sewage, these pioneers for health were 
indeed great engineers for the cause of 
humanity. 

The work of Virchow in Germany was 
a most noteworthy example of sanitary 
engineering, and in our own country the 
efforts of Osier in preventive medicine, 
especially in the infectious diseases, were 
inspirational in what has been estab- 
lished along this line. 

Naturally, one of the greatest and 
most widespread beneficent engineering 
projects is the establishment and main- 
taining of a pure, wholesome, safe water 
supply. 

This, one must bear in mind, takes into 
consideration the actual or absolute 
source, and while directing it into its 
proper channels for household consump- 
tion, it must remain unpolluted either 
from an animal or human source. 

It must also be borne in mind that a 
reserve supply of this water must be 
housed or stored in reservoirs, which 
reservoirs must be constantly inspected 
and really guarded to prevent any con- 
tamination or pollution of this food stuff. 

This, in my mind, is a great and won- 
derful engineering feat, to harness a 
water source and tdied miles and miles 
away from a town or city, and prevent 
its contamination up to the actual con- 
sumption of the product ! 


On the other hand, the purification of 
a polluted or contaminated water by 
mechanical and chemical means, though 
it is a measure of making the water safe 
from a bacteriological standpoint, is not 
nearly such a wonderful feat as the 
actual selection and maintaining of a 
pure and undefiled water for all house- 
hold purposes. 

Together with this problem may be 
linked the swimming pool, which to-day, 
thanks to sanitary engineering devices, 
keeps the water as clean as the water we 
drink. 

Coincident with the purification of 
water and equally important to our 
health is the proper and safe disposal of 
sewage and wastes. 

The habit of dumping garbage and 
sewage into the ocean or inland lakes is 
a makeshift and should not be tolerated 
in any large community. 

Nuisances no doubt result from such 
practices and diseases may be dissemi- 
nated. 

At the present time any first-class 
municipality should erect and maintain 
proper disposal plants for sewage and 
wastes other than sewage. The installa- 
tion of incinerators or destructors for 
rubbish is the surest method of disposal. 

The Beccari system of garbage dis- 
posal is a most ingenious and desirable 
method of ridding municipalities of this 
offal. I think it is also a most wonder- 
ful achievement in the eradication and 
prevention of hookworm disease. Natu- 
rally, this has been primarily a problem 
of education, but it has as well been an 
engineering problem, in the disposal of 
excreta and the prevention of soil pollu- 
tion. 

Thousands upon thousands of lives 
have been saved and others bettered by 
the methods laid down by the Intmma- 
tional Health Board in the ma n agement 
of the ho<^orm problem threogboat 
the world. 
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In industrin, where arise quantities 
of dusts of many metals, where vapors 
and gases in the manufacture of mani- 
fold products are generated, an ingeni- 
ous process for the removal of these 
dusts and gases and their recovery from 
the working atmosphere is abundantly 
and successfully accomplished by means 
of the Cottrell electrostatic process. 

The wearing of masks, goggles and 
helmets are a decided and added protec- 
tive measure against these poisonous 
and offensive suspended materials, to- 
gether with exhaust devices. 

From many industries the air is pol- 
luted by smoke and particles of carbon, 
and at the present time devices have 
been perfected for the recovery and dis- 
posal of these gases and solid particles 
which otherwise would be deleterious to 
health. 

In these days of Bubwa3rs and tunnels 
great engineering problems take into 
consideration the safety of travel, by 
ridding the atmosphere of vitiated and 
poisonous gases and installation of de- 
vices for proper ventilation. I do not 
think it at all amiss if mention is made 
of the efforts of municipalities in the 
adoption of devices trying to solve the 
question of safety in the momentous 
question of traffic problema 

Apart from the dust and gas remov- 
ing appliances, one of the greatest engi- 
neering procedures in industrial hygiene 
and me^cine is the physical examina- 
tion of prospective workers and the 
periodic examination of those accepted 
for such work. Were it not for these 
overhaulings many grave insidious forms 
of poisoning would take place ; or many 
fatuities would occur in individuate 
engaged in the construction of founder 
tions for bridges or tunnels, if the work- 
ers were not properly selected. 

Even in timci of peace this method of 
selection of healthy and suitable- men is 
gdng on to keep our quota in the army 


and navy in fit condition. Apart from 
this phase, the saggesti<m for periodic 
health examinations of individuals in all 
walks of life is an instance of conserva- 
tive engineering. 

Again, regarding the industrial 
worker, think what the engineer of health 
has done in supplying the industrial 
worker with a worisshop or room, with 
the so-called sunlight walls and up-to- 
date ventilating systems! Natural sun- 
light, right at his loom, his dedc, his 
grindstone, his furnace or his work- 
bench. No dim lights, no unguarded 
stairways, no unguarded belts or saws! 

In their stead we have proper equip- 
ment, proper tools, efficient safety de- 
vices for all sorts of machinery; rest 
periods and real rest rooms for relieving 
tension of all kinds. 

Another problem in industries as well 
as in ordinary walks of life is the one 
pertaining to tuberculosis. This was 
another question that interested Osier 
very much, and he was among the first 
to put forward plans and organize for 
the study and prevention of this disease. 

Trudeau in Saranac was, as we know, 
a pioneer as well as engineer in the out- 
door fresh-air treatment for this disease, 
and from that modest but earnest effort 
there has arisen the numberless sana- 
toria for the study and treatment of this 
plague. 

From the progress noted in the insti- 
tutional care of these oases we know that 
we are getting the better of the disease. 

To-day we have also the pertinent 
question of engineering a project where 
the children of tuberculous parents may 
be segregated from the parents where 
ignoranco regarding dissWination ex- 
ists and the environment te not suitable 
for proper development 

In a number of instances where tuber- 
culosis was said to have been brought 
about by dusty oecupntions, it was found 
by surveys made of the industries, as 
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well as the homes of the workers, that 
the home life and environments were far 
more to blame than the industiy itself. 

We are all familiar with the beneficent 
action of the ultra-violet rays as a bac- 
tericidal agent, and to-day the adminis- 
tration of sunlight both natural and 
artificial to patients with tuberculous 
diseases is followed by wonderful recu- 
perative effects in these cases. 

Is it not also a wonderful procedure 
at present, where the patient is treated 
in a room which is lighted by panes of 
glass which filter out the red rays, and 
thus the beneficial rays play upon the 
diseased body for any length of time 
desired I 

Passing from the industrial workers 
our next consideration is of one of the 
most widely used foods and one that we 
can not at present curtail. I refer to 
milk; its production; its handling; its 
present treatment; its preservation, dis- 
tribution and consumption. No one will 
gainsay that, next to mother’s milk, it is 
the most important food for the infant 
and growing child. 

To-day we are making wonderful 
studies in the adoption of the so-called 
accredited herd system in the dairy in- 
dustry and until this is generally, or I 
might say, nationally adopted, our 
attempts at proper pasteurization must 
be upheld to the letter. ' 

The farmer is in some cases the 
stumbling block in testing his cattle 
against the disease, tuberculosis ; but he 
must be taught, the public must be 
taught the danger from one diseased 
animal (which looks particularly 
healthy) in a herd of five or six cattle, 
or in a herd of fifty or more. 

The tuberculin test is the best method 
we have at present in the detection of 
tuberculous disease in cattle, and where 
no naked eye lemon of the disease is 
apparent in a reacting animal, an unen- 
lightened person may condemn the test. 

It is true we do have such reactions 


occurring in some animals, but micro- 
scopic studies reveal the disease in most 
cases. 

If we can not at present obtain our 
milk supply from animals free of dis- 
ease, then our next best procedure is tiie 
proper pasteurization of the product. 
That is, the milk must be held at 60 ” C. 
for at least thirty to thirty-five minutes, 
although the laity does complain that 
the cream line is not as deep in some as 
in another dealer’s milk. 

The handling of milk to-day from the 
many receiving stations in the country 
districts in the thermos-bottle-like cars 
and the pumping of the milk into these 
oars does sway with a great deal of dirt 
and other extraneous materials which 
reached the product in the old methods 
of handling. 

After an inspection of many up-to- 
date receiving stations and pasteurizing 
plants, it is my opinion that from the 
outlay of money for equipment of the 
buildings, with up-to-date machinery for 
the pasteurizing and bottling and the 
distribution of milk, these dealers are 
doing their utmost in conforming to the 
rules laid down and the suggestions 
made by local as well as state boards of 
health for the proper pasteurization and 
measures for the proper distribution of 
a safe milk for all purposes. 

The same words ' of commendation 
could be made regarding the making of 
milk products, such as the various 
brands of dried milk upon the market. 
These are engineering feats pnre and 
simple and all done for the maintenance 
and preservation of health. 

The examination of those engaged in 
the dairy business, as to their deanli- 
ness, their present health, their previooB 
health and the possibility of a carrier, 
as of the tjrphoid bacillus, is another 
procedure in the prevention of the 
spread of infeetkms. 

The addition of the mechanical milk«r 
to the dairy is another step in the by- 
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giene of the dairy, bat care most be 
OKereised that it be cleaned properly and 
receive attention such as any other 
mechanical device. 

Other foodstuffs might be mentioned 
and one, I might dwell upon for a mo- 
ment, is gelatin. 

I remember, years ago, when examin- 
ing the finished product that millions of 
colonies of various bacteria and moulds 
would be encountered. To-day, through 
proper handling of the product, the dis- 
posal of du-sts and the refrigeration 
method of cutting the ribbons of gelatin, 
a sterile product is produced quite regu- 
larly without the addition of any acids 
or preservatives. 

Passing from foodstuffs, we will next 
consider engineering in medicine toward 
the prevention of diseases brought about 
by insect dissemination. 

We need not again repeat, at this 
time, the names of the heroes who gave 
their lives in the interest of science, to 
prove upon themselves or working di- 
rectly with the diseases, that dissemina- 
tion takes place by these agents. 

The most wonderful discovery, in my 
mind, was in the yellow fever problem, 
where it was proved, after thousands of 
lives had been sacrificed, that a certain 
mosquito must bite a person before he 
contracted the disease. 

The final steps in the completion of 
the Panama Canal could not have oc- 
curred, except for the epochal study in 
yellow fever and its dissemination. 

Of course the dissemination of ma- 
laria by other mosquitoes was known, 
but the disease was not so fatal as yel- 
low fever. 

The knowledge gained by tracing the 
dissemination of diseases by insects nat- 
urally led to the destruction and eradi- 
cation of these pests aitd the culmination 
of many engineering feats apart tram 
the Panama Canal were accomplished. 

The exact knowledge regaling the 
cBsteibution of the tsetse fiy is another 


point which from the standpoint of cat- 
tle raising with its many side issues, and 
the propagation of disease in man, 
speaks very well for the sanitary engi- 
neers in keeping these areas free from 
these flies. 

The method of treating the surface of 
ditches, pools and streams with crude oil 
and various mixtures of crude oil for the 
suffocation and poisoning of larvae of 
insects was indeed a wonderful engineer- 
ing project. Imagine what a feat it is, 
where a dust containing one part of 
arsenite of copper per hundred, applied 
to breeding places of anopheles or ma- 
laria-bearing mosquitoes, acts specifically 
upon the larvae of these mosquitoes but 
does not affect the larvae of other varie- 
ties or the larvae of flics. 

The method of distributing poison 
from an aeroplane was ingenuously 
novel, and according to reports very suc- 
cessful against the destruction of these 
disease-disseminating insects, as well as 
others. 

Gk>ing hand in hand with the dissemi- 
nation by insects is the possibility of 
rodents spreading infection, either by 
their bite or by harboring insects axul 
other parasites. This has led to the 
building of ratproof buildings, such as 
storage houses, which has kept the 
propagation of rats down considerably. 

Now, regarding one big phase of dis- 
ease prevention, though it is in the con- 
sideration of little things — children — the 
methods to-day that have been brought 
forward in the curing, as well as in the 
prevention of rickets by ultra-violet 
rays and increasing the potency of cod 
liver oil is an epochal achievement. The 
organisation and establishment of vari- 
ous societies for the prevention of tuber- 
culosis and the prevention of cardiac 
disease stand out as two very important 
links in the chain of engineoring for 
health and prolongation at life. 

While eompulsoty vaeeinatiaia against 
smallpox absolutely protects us against 
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epidemics of this disease and the anti- 
toxin of diphtheria and antitoxin of 
tetanus prevent and cure these diseases; 
and the administration of various con- 
valescent sera against communicable dis- 
eases, while not specifically recognized 
nor spoken of as engineering problems 
yet, when analyzed, are just as great 
engineering feats and accomplishments 
in the prevention of diseases as the puri- 
fication of the water supply or the 
proper disposal of infectious wastes or 
poisonous dusts. 

Mention alone can be made of the 
work that is being done by our fellow 
scientists, the chemists. 1 say chemists 
broadly, because by specializing any 
branch of the science we certainly per- 
chance miss one or two of them. 

These busy bees of our life delve into 
every phase and question of our living; 
they dissect, inspect and recommend the 
things we eat, the things we wear and 
peer into the most important aspects of 
light and heat. 

Chemical engineers are turning out 
products every day, some of which never 
existed before, and determine means of 
water purification for the sanitary engi- 
neer ; and, for the civil engineer, testing 
water-purifying substances to prevent 
corrosion of boilers and pipes and thus 
bring up a question of life saving and 
conservation. 

We are also indebted to them for the 
perfections of the X-ray machine, for 


medicines and appliances which allevi- 
ate suffering and make human lives 
happier. 

One of the many things which is 
being worked upon now is an apparatus 
or appliance to enable the deaf to hear 
and the dumb to speak. 

In summing up the results of the vari- 
ous agencies at work in the prevention 
of disease, in protecting the workmen 
and in teaching the methods of proper 
living to our growing population, it is 
manifest that the corps of engineers is 
a large one, the sanitary engineer, the 
chemist and the physician being espe- 
cially prominent in playing a part in 
the health of the world to-day. 

The public must be educated and this 
can not be done by posters with gro- 
tesque, fanciful and sometimes childish 
or silly legends or slogans. The educa- 
tion must begin with the child, at home 
as well as at school, with practical 
demonstrations. 

In many instances parents are taught 
by their children who have gotten les- 
sons in cleanliness, health and well-being 
from their teachers at school. 

A word of praise, which I think is 
well deserved, should be given to the 
school teacher, and the social worker as 
well, who many times have had to act 
as parent and teacher to many children 
who lack this very important Unk iU the 
developmental years of their lives. 


PSYCHOLOGY 

By Dr. J. McKBEN CATTELL 

FOBMEKLT PBORSBOB OF PSTCBOLOOT IK THE UKimSITr OF FEKHETLyiKlA EHB OOXiOlCBU 
UNIVERSITY; CHAIRMAK OF THE OIBEOTORS OF THE PBYOHOLOOIOAI. OOBPOBBTION 


Thb alphabetical order of the scienoes 
in this discussion places astronomy first 
and psychology last. This is also the 
historical order of their development. 
The facts of astronomy, based on ob- 
servation and measurement, formed on 


organized body of knowledge at the 
earliest stages of civilization. The ool- 
endor and the measurement of time, tiie 
use of observations of the heavdaly 
bodies in surveying and navigation, noft 
to speak of soothsaying and astrology. 
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were among the earliest applications of 
science. Psychology has become a sci- 
ence only in the course of the last fifty 
years. I have special interest in the 
circumstance that the first professorship 
of psychology was established at the 
University of Pennsylvania in this city 
thirty-eight years ago. Applied psy- 
chology and psychological engineering 
are in the main problems of the future. 

While psychology is the most recent of 
the sciences on this program, its subject- 
matter has long engaged both philosoph- 
ical speculation and the interest of the 
every-day man. As we now see it, or at 
least as I see it, psychology is the science 
of how individuals think and act. This 
was the principal concern of primitive 
man, as indeed it is of the lower animals. 
Each is interested before all else in his 
own mental life, in his own behavior 
and the beliavior of others. Satisfaction 
of desires and wants, aversion to pain 
and danger, exist at the outset of life. 
The control of behavior also begins early 
in the animal series and in the new-born 
individual. Young animals learn by ex- 
perience to adjust their movements to 
satisfy their needs, and with the same ob- 
ject they seek to influence the behavior 
of others. 

When such is so clearly the case, it 
may seem at first sight surprising that 
the sciences, both curious and useful, of 
matter and energy should have had an 
earlier origin and a more systematic de- 
velopment than the biological sciences, 
while psychology is only now taking its 
place among the descriptive sciences and 
has witnessed but its first beginnings as 
an applied science. The explanation is 
in part the difference in complexity and 
stability of the objects of the several sci- 
ences. Matter is plastic to experiment 
and measurement; minds and behavior 
elude experimental and quantitative 
methods. The known performance of 
the solar and stellar systems since the 
beginning of astronomy is less compli- 
eated than the play of a child for a day. 


Another reason for the later develop- 
ment of psychology is that it is easier to 
satisfy minds and to control behavior by 
altering the environment than by alter- 
ing individuals. The savage could shoot 
an arrow from a bow or move a stone 
with a lever more readily than he could 
strengthen his own right arm. He could 
obtain food better by planting com than 
by developing his skill as a hunter. And 
so it is to-day. By increasing economic 
production and improving the distribu- 
tion of wealth, we can do more for the 
welfare of people than by trying to teach 
them to be virtuous and wise. 

Engineering has a certain analogy to 
psychology in its early use and its late 
development into a science and a pro- 
fession. As psychology may be traced 
back beyond the first use of language as 
a means of communication, so engineer- 
ing is as early as the first use of tools. 
Engineering works of great magnitude 
were constructed by the Egyptians and 
the Romans. But in the modem period 
for six hundred years theology, law and 
medicine were the schools of the univer- 
sity. The first schools of engineering 
were established only a hundred years 
ago. In this short period engineering 
has become the profession that is most 
useful and most securely based on 
science. 

A painting in the library of the Engi- 
neering Society’s Building in New York 
bears the inscription: “Engineering — 
the art of organizing and directing men 
and of controlling the forces and mate- 
rials of nature for the benefit of the 
human race. ’ ’ According to this deflni^ 
tion, chosen by engineers, the relations 
between engineering and psychology are 
close. The selection, training and di- 
recting of men are problems of applied 
psychology ; it is also for psychology to 
determine what does in fact benefit the 
human race. In using the forces and 
materials of material fiature engineering 
has become an exact science; in its re- 
lation with human nature engineering 
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works by the rule of thumb and will 
continue to do so until it can use an 
exact science of psychology. 

On the one hand, engineering is de- 
pendent on psychology; on the other 
hand, the objects of applied psychology, 
namely, the control of the behavior of 
individuals, have been advanced by engi- 
neering, invention and industry to an 
extent incomparably greater than by 
anything that psychology has been able 
to accomplish. The applications of sci- 
ence, by quadrupling the wealth that 
each can produce and by doubling the 
average length of life, have completely 
altered our civilixation and the way that 
each of us reacts to it. 

The economy of labor and of life 
which science and invention have 
wrought has abolished slavery and 
serfdom. It has made unnecessary 
productive labor by children and has 
made possible their universal educa- 
tion. The wealth of society is now 
suflScient to support adequately every 
child, to give it the education that 
opens the gateway to the career for 
which it is fit, to provide equality 6f 
opportunity and a true social democracy. 
Applied science, based in large measure 
on scientific research whose utility was 
not at the time obvious, has been the 
cause of the political and social insti- 
tutions that we have and of the lives 
that we lead. 

It appears that engineering and the 
applications of science have done more 
to control our behavior than efforts made 
with this object directly in view, such as 
those of the churches, the schools, the 
courts and the state. It may be argued 
plausibly that the ten commandments 
would have been broken no oftener, that 
the precepts of the sermon on the mount 
would have been followed no less rarely, 
if the churches had never existed. It 
may be that it is as futile to herd chil- 
dren in pens to teach them their E's as 
it would be to use similar methods to 


teach them to walk and to talk. It is 
quite possible that there would be no 
more crime in the world if courts and 
prisons had never been invented. 

These partial failures to alter human 
nature by direct appeals to conscious- 
ness are quoted to emphasize the thesis 
that applied psychology is concerned 
with the total relation of the individual 
to the environment. We can try to alter 
the individual; but we can accomplish 
more by altering the physical world in 
which he lives, perhaps most of all by 
altering the relation of an individual to 
his surroundings. As modem medicine 
has made more progress in the diagnosis 
of disease than in its cure, so psychology 
can determine the intelligence of a child, 
a soldier or a congressman more readily 
than it can increase it. In like manner 
as medicine and public hygiene can do 
more for the health of people by pro- 
viding surroundings that are sanitary 
than by curing diseases that have been 
contracted, so psychology can do more 
by placing individuals in surroundings 
where they will act in the way that is 
wanted, than by attempting to change 
individuals so that they will act in a 
more desirable way. 

The control of thoughts and behavior 
has been undertaken by the churches, the 
schools, the laws and the rest in order to 
accomplish definite results that are re- 
garded as desirable, but they have 
largely failed because it is difficult to 
change human nature. Individuals at 
birth have definite constitutions, and 
will react to their surroundings in ac- 
cordance with them. What we can do 
is to place them in situations where they 
will behave as nearly as their constitu* 
tions permit in the way that we want. 
By changing the surroundings we con* 
trol behavior most effectively. This is 
what engineering and applied science 
have done, but they have advanced with* 
out special reference to the kind of men* 
tal life and behavior that will follow. 
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What we need is a science that will co- 
ordinate all efforts to alter human 
nature or to control conduct with the 
effects of all changes in the environment 
that alter our behavior or increase wel- 
fare. This is the business of psychology ; 
that so little has been so far accom- 
plished does not relieve us of responsi- 
bility for the future. 

Nearly all psychologists have been 
teachers, and those engaged in research 
have nearly all been university profes- 
sors. It is consequently natural that 
the first and most extensive applications 
of psychology have been in education. 
These have covered a large range of 
teaching and learning, but have been 
most exact and useful in selecting chil- 
dren for the work that they can do to 
best advantage. Probably more than five 
million tests were made this year in the 
schools. These tests have great advan- 
tages over the usual examinations in 
that they put measurement in place of 
opinion and aim to determine what a 
student can do rather than what he has 
already learned. 

The most extensive use of psychologi- 
cal tests in the United States outside the 
schools was in the army where some 
1,800,000 recruits were examined. Al- 
though the tests used were not adjusted 
to determine who would make the best 
soldiers, they proved useful in selecting 
objectively those at the upper end of the 
curve of distribution who were officer 
material, those at the lower end who were 
unfit for any kind of service. Most 
army officers were converted to the util- 
ity of the tests, which is certainly strong 
evidence in their favor., 

The proved usefulness of psyohological 
tests in schools and in the army might be 
expected to lead to their general use in 
industry, but this is not yet the situation. 
In Germany tests are used in the selec- 
tion of apprentices for a number of 
trades; in Paris taxicab drivers are re- 
quired to pass an examination by the 


municipality ; in the United States tests 
are given by a number of corporations. 
The intelligence tests of the school and 
army type are especially applicable to 
clerical workers. I have ai^ed a number 
of people of competence in business and 
affairs how much they think production 
would be increased if each individual 
from the moron to the genius were given 
the work that he could do best, were 
trained in the best way to do it, and 
the conditions were made such that it 
could be done to best advantage. The 
estimates vary from ten to a thousand 
per cent., which represents a large range 
of ignorance, say the difference between 
an increase of the wealth produced by 
the nation of from ten to a thousand bil- 
lion dollars a year. Surely it would be 
worthwhile to determine which of these 
estimates, if any, is correct and then to 
adopt the measures necessary to pro- 
duce the additional wealth, with a pro- 
portional increase in contentment and 
happiness. 

Psychological experiments have been 
carried forward in many directions 
which directly ooncem engineering and 
industry, and in turn engineering and 
industry have developed methods which 
contribute to psychology, such as the 
Taylor system, employment management 
and industrial engineering. Among in- 
numerable problems that pi^chology, 
engineering and industry have in com- 
mon are the desirable hours of labor; 
the most efficient movements; interest, 
enthusiasm and imitation ; all conditions 
favorable or unfavorable to work or 
other forms of activity, including ven- 
tilation, heating and lighting; food, al- 
cohol, coffee and tobacco ; rest, play and 
sleep; posture and strain in emplc^- 
ments ; conditions of fatigue and safety. 
An Institute of Applied Psychology in 
England and a Psychological Corpora- 
tion in the United States have been estab- 
lished to forward research in psychology 
and its applications. Our organization 
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has the cooperation of practically all 
American psychologists with branches 
and stations in forty-two states. We can 
thus look for the rapid development of 
the useful applications of psychology and 
its closer coordination with engineering 
and industry. 

As psychology and engineering are 
closely interwoven, so it seems to me are 
the useful sciences and the sciences 
called in this program “pure.*' There 
is a clear distinction between the 
applications of knowledge that we have 
and the acquirement of new knowledge, 
between the physician who uses known 
remedies to alleviate disease and the 
pathologist who advances knowledge of 
causes and remedies, between the builder 
of bridges and the engineer who makes 
new designs. As there must be division 
of labor between the psychologist and 
the engineer, so there must be among 
mathematicians, physicists and psycholo- 
gists who on the one side seek to ad- 
vance science without regard to its ap- 
plications and engineers who on the 
other side find new ways of applying 
knowledge. But the methods are the 
same and the men are sometimes the 
same. 

Kelvin and Pasteur are notable ex- 
amples. The former was a great mathe- 
matical physicist and at the same time 
made inventions and eng^ed in the 
practice of electrical engineering. Pas- 
teur founded the science of bacteriology 
in direct work on practical applications 


— ^the fermentation of beer and wine, the 
diseases of silkworms, chicken cholera, 
anthrax, rabies. In like manner Lister 
discovered antiseptic surgery, and the 
great German pathologists, Koch, Behr- 
ing, Ehrlich and the rest, made their 
contributions at once to science and to 
human welfare. As Pasteur remarked : 
'‘There is no greater charm for the in- 
vestigator than to make new discoveries, 
but his pleasure is heightened when he 
sees that they have a direct application 
to human life.” 

In the short interval at my disposal 
it has seemed better to discuss some gen- 
eral relations between psychology and 
engineering rather than to undertake to 
describe specific cases of the applications 
of research in psychology to engineering 
practice. A review of psychology in in- 
dustry by Dr. M. S. Viteles, of this city, 
printed in the Psychological Bulletin for 
November, quotes 360 recent publica- 
tions. A critical summary of these or a 
detailed review of almost any one of 
them would take us beyond the limits of 
the present discussion. What it seems 
most worthwhile to emphasize is the 
close relation and the mutual interde- 
pendence of psychology and engineering. 
The body of knowledge is a whole like 
the human body. Aristotle said long 
ago that a hand apart from the rest of 
the body is no longer a hand. So each 
science exists in large measure in rela- 
tion to others ; psychology and engineer- 
ing are members one of another. 



WHAT TRANSPIRES IN THE KINGDOM OF 

RESEARCH 


By T. SWANN HARDING 

BXI/rSVILLI, IfARTLXND 


It would be curious to know just how 
the intelligent layman regards the mi- 
nutiae of research, how he thinks that 
the investigator puts in his time. To the 
investigator himself such laymen appear 
to regard research as an esoteric prov- 
ince of flaming magic wherein ordinary 
men divest themselves of monotony and 
routine, slip on genius like a smock, then 
discover, enlighten and synthesize higher 
civilization. Yet the investigator very 
often feels like some inept animal roam- 
ing a strange and forbidden environ- 
ment, condemned to entirely too much 
routine and proceeding, not very rap- 
idly, nowhither. He does not, custom- 
arily, sense the glamor which induces the 
layman to declare so glibly that "re- 
search must be very interesting." 

Just what is research, anyway t Pre- 
cisely how do these bewildered primates 
carry on in their sacred precincts t 
There is much plausible reason for igno- 
rance on the part of the intelligent lay- 
man because no one seems yet to have 
thought of the very simple expedient of 
tracing out for him the pursuit of 
"truth" in a specific instance. This ex- 
position should be both diverting and 
enlightening to intelligent people who 
often wonder what on earth investi- 
gators actually do in their laboratories, 
besides smoke cigarettes, that is. The 
writer will therefore endeavor to give in 
common or garden language an authen- 
tic account of one investigator’s travail 
as he sought to solve a problem. His 
slight triumphs, his frequent and pain- 
ful rebuffs seem not devoid of interest to 
the gentry and intelligentsia. The writer 
has intimate knowle^ of the work out- 
lined herewith. 


Since all present-day research prob- 
lems are of necessity small corners and 
fragments of much larger problems, a 
slight introduction will be necessary for 
the understandable presentation of this 
investigator’s actual work. Since this 
introduction will deal with a phase of 
nutrition chemistry which is too often 
inaccurately presented to the pubUc, but 
which is interesting and informative, 
and since its presentation will clearly il- 
lustrate how an investigator finds and 
attacks a problem, this preliminary 
seems justifiable. 

As Fischer discovered, the proteins we 
eat do not enter as such into our living 
tissues. In fact proteins can not nor- 
mally penetrate the adult intestinal wall. 
They do permeate it in early infancy, 
for the very first milk secreted by a 
mother, the colostrum, containing valu- 
able substances protective against infant 
diseases, presents these substances, or 
"antibodies," in a protein named 
"globulin." Globulin has to penetrate 
the intestinal wall in order to do its pro- 
tective work. But when a protein gets 
through the intestinal wall of an adult 
it simply starts trouble; it is toxic and 
gives rise to symptoms of poisoning each 
time this leakage occurs. 

Thus some persons can not eat eggs 
without subsequent illness, due to the 
fact that their intestinal walls are per- 
meable to egg protein, which, entering 
their blood stream as such, causes illness. 
This phenomenon is called "allergy" 
and it is also responsible for such dis- 
eases as asthma and hay fever when the 
protein permeates the respiratory tract. 

Proteins are, therefore, broken down 
in digestion by en^rmes like pepsin, and 
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the proteins of the tissue are rebuilt 
from these simpler compounds, some- 
where and in some as yet unexplained 
fashion. In fact an animal is very par- 
ticular about the character of its tissues 
and of its secretions — milk, for instance. 
The constitution of the proteins in an 
animars tissue differs from animal to 
animal, from organ to organ. Indeed, 
there is constantly accumulating evi- 
dence that the chemistry of bodily tis- 
sues differs from individual to indi- 
vidual. Biological tests lead us to think 
that the structural proteins of each spe- 
cies of cell have highly individualized 
peculiarities. 

It is highly probable, then — for there 
is also room for a wide variety of micro- 
scopical variations, too, that the proteins 
of no two humans ever have precisely the 
same composition. It is not pure specu- 
lation either to extend this diversity to 
such things as brain and nerve tissue, an 
elaboration which may account for many 
personal idiosyncrasies, for fixed ideas, 
beliefs, prejudices and relative immuni- 
ties to reasoning. 

How is such infinite diversity pro- 
duced T Proteins are made up of smaller 
units called ‘‘amino acids. These are 
the “building stones” of all body tissue. 
There are about twenty of them. In- 
gested proteins are broken down into 
amino acids during digestion; as such 
they permeate the intestinal walls into 
the blood stream. Then, as this red me- 
dium, which is to us precisely what sea 
water is to lower living organisms, bathes 
our living cells, the cells, with astound- 
ing selective accuracy, extract from it 
precisely the particular amino acids they 
need to rebuild the tissue in their imme- 
diate vicinity. For cells are simply 
chemical compounds endowed with the 
capability of reproducing themselves. 

Tissue proteins are, then, very com- 
plex chains of amino acids hooked to- 
gether. As Leathes, the physiologist, 
recently pointed out in the Lwncet (Au- 


gust 7, 1926) if you allow for a chain of 
approximately fifty links (not a tremen- 
dous sized protein molecule at all — in 
fact, one of modest proportions) and if 
you assume the existence of twenty 
amino acids, each one capable of appear- 
ing at an;$^ point in the chain, and of 
being repeated at any other interval 
therein, you soon begin to deal in possi- 
bilities of variation into enormous fig- 
ures. Suppose one kind of amino acid 
recurred ten times in the chain, four re- 
curred four times, and ten recurred 
twice. You get 10** possibilities of per- 
mutation. The span of the universe is 
three hundred thousand light years. 
This figure, even expressed in Angstrom 
units, is leas than 10^. In short, the pos- 
sibilities for variation in the protein 
molecule of quite ordinary complexity 
almost approach infinity. 

In spite of what may be found in the 
press it is an actual fact that the exact 
function of most of the individual amino 
acids is to-day unknown. We can not 
tell how most of them limit the organism 
by their absence from our food. One of 
them, glycocoll, can be synthesized by 
the human body, for casein, which lacks 
glycocoll altogether, and yet proves to be 
a complete protein for nutrition. Per- 
haps other amino acids, like alanine, can 
also be synthesized by us. We do not 
know, so ighorant afe we of our own 
comical reactions. 

We do know something definite about 
the function of five amino acids, namely 
— tryptophane, lysin, histidine, arginine 
and cystine. 

Zein, the protein of com, lacks both 
tryptophane and lysin. Willcock and 
Hopkins found that animals died in a 
torpor when zein was the only protein 
fed them. The addition of pure trypto- 
phane to zein enabled the animals to live 
(t.e., established maintenance) and the 
addition of lysin enabled them to grow* 
Adding tryo^e, another amino acid, 
had no effect whatever. Hence trypto- 
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pliane is absolutely essential to life, lysin 
is essential to growth and tryosine ap- 
pears to be quite dispensable. 

Osborne and Mendel, excellent but too 
little known investigators, assuming that 
gliadin (the protein of wheat and rye) 
contained a negligible amount of lysin 
(.16 per cent.) concluded that lysin was 
not needed for maintenance because ex- 
perimental animals lived on gliadin. 
But their results were later invalidated 
by an analysis which showed 1.21 per 
cent, lysin in gliadin, sufficient for main- 
tenance, anyway. It is interesting also 
to know that they were, at this time, 
feeding a ‘‘protein free’^ milk which was 
later discovered actually to contain one 
half the maintenance requirement of 
amino acids for young animals. This all 
indicates the pitfalls of physiological re- 
search. Nevertheless, it is established 
that lysin is necessary for growth. 

Ac^oyd and Hopkins, as well as Gel- 
ling, all excellent workers of high stand- 
ing, found that histidine was necessary 
for growth but declared that arginine 
could be used interchangeably in its 
place. Then Bose and Cox, and also 
Stewart, again excellent workers of high 
standing, declared that arginine and 
histidine are certainly not interchange- 
able, but that histidine itself is abso- 
lutely necessary to growth because it 
functions as a precursor of purines with- 
out which animal chemistry is inhibited. 
Here the layman may be inclined to 
sniff. But further confirmation has re- 
cently been added to the assertions of the 
last workers mentioned and they seem, 
just now, predominant. 

Cystine was, until Mueller's discov- 
ery of another, the only amino acid con- 
taining sulfur. It remains the only 
sulfur amino acid active meta/bolically 
(i.e., which enters into the building up 
of body tissues). It is needed in very 
small amount, if at all, for maintenance ; 
but it is absolutely essential to growth. 
Cystine occurs especially in the hair and 


nails. It is also essential to milk pro- 
duction. 

This summarizes all that is really 
known about the specific usefulness of 
the amino acids. We need variety as 
well as quantity in amino acids. A lack 
of any one of them from the food may 
become a limiting factor in the biological 
usefulness of a protein. However, in the 
customary mixed diet, the proteins ad- 
mirably supplement each other and thus 
offset their individual deficiencies in es- 
sential amino acids. 

We turn now to milk production since 
the specific problem lies in this field. 
Here cystine is essential. Milk proteins 
are of course also built up of amino acids 
which the cells of the mammary gland 
unerringly take out of the blood as it 
perfuses them. Hence if we are really 
to know the true value of various feeds 
for dairy animals we must somehow 
trace these amino acids from the feed, 
into the blood, thence to the mammary 
gland and into the milk. 

The amino acids constituting various 
cereal proteins — such as gliadin and zein 
— are well known. It has also been 
demonstrated that amino acids occur in 
blood. Abel at Hopkins got them di- 
rectly out of the blood of living animals 
in what he called a vividiflfusion experi- 
ment. Abderhalden, after hearing of 
Abel's work, quickly repeated the ex- 
periment in Europe on an enormous 
scale and with changed technique, but 
the credit is Abel’s. We also know the 
amino acids composing milk casein and 
albumin. Tryptophane and cystine are 
prominent among them. Hence feeds 
deficient in these two amino acids will 
obviously limit milk production. 

This narrows the subject by picking 
the problem to pieces. There has also 
been developed an accurate method for 
estimating the exact amount of one of 
the amino acids in the blood, namely, 
tryptophane. Finally, the cow being a 
docile and well-mannered animal, it is 
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easily possible to stick small metal tubes 
simultraeously into her jugular and her 
mammary veins and to take from these 
veins exactly s3rnchroDou5 samples of a 
quart or so of blood. The animal with- 
stands such seemingly drastic treatment 
without deleterious consequence save a 
momentary loss of temper. An examina- 
tion of these two blood samples, of which 
the jugular is essentially arterial in 
make-up, demonstrates that arterial 
blood contains decidedly more trypto- 
phane than exhausted blood on the way 
back to the heart through the mammary 
vein. Caught on its return journey 
after perfusing that gland, its relative 
deficiency in tryptophane betrays the 
fact that the mammary gland extracts 
this amino acid from the blood in order 
to build up milk proteins. In technical 
language we say that the amino acids of 
the blood are the precursors of milk 
proteins. 

That done it becomes obvious that 
another amino acid should be traced. 
Cystine was selected, because of its im- 
portance in the constitution of milk, 
proteins, and this at last brings us — by 
so devious and long a road — to the point 
where an investigator could select an 
original problem for research. How, 
then, did he proceed here! 

The first question was, of course, can 
cystine be estimated in blood! Is there 
a method to determine it quantitatively! 
He went to the literature. Some forty 
articles in English, French, German, 
Spanish and Italian shrieked to assure 
him that of course cystine can be deter- 
mined. But, as usual, closer examina- 
tion raised a doubt as to whether it ever 
had been determined correctly at alL 
So many inaccurate articles are pub- 
lished that this disappointment is an 
every-day inevitability. Prestige gravi- 
tated him in favor of a reliable investi- 
gator, and an Otto Polin colorimetric 
method seemed most promising. If a 
certain reagent perfected by Folin be 


added to a solution of cystine a blue 
color is developed which is exactly pro- 
portional in intensity to the amount of 
cystine present. Moreover, it should de- 
termine accurately less than a milligram 
and there are a thousand milligrams in a 
gram and about thirty grams in an 
ounce. An instrument called a colorim- 
eter enables the investigator to mea- 
sure color intensities with extreme ac- 
curacy. 

But is all the color always due to cys- 
tine! May not other substances — glu- 
cose, uric acid, creatinine or insulin 
produce such a color! These must be 
tried and negative results secured. Then 
do the reagents themselves in “blank*' 
give a blue color! Yes. Then they must 
be recrystallized and purified until the 
blank is colorless. Is the blue color now 
actually proportional to the amount of 
cystine present and if so what is the 
actual range of delicacy in the method! 
These things must all be tried out ex- 
perimentally with solutions of pure cys- 
tine regardless of what appears in the 
literature, because so chaotic is the lit- 
erature and so uncertain in value are 
many printed articles that the careful 
investigator can only dare proceed after 
verifying personally every slightest de- 
tail. This is most unfortunate but true. 
So much ill-done wprk appears in the 
very best journals. A detour must also 
be taken into other methods of deter- 
mination to be sure that they are as 
fruitless as they seem to be. This in- 
volves reading and digesting thirty more 
articles. 

But after some months the investi- 
gator is ready to attempt the determina- 
tion of cystine in blood. But blood is 
full of corpuscles and soluble proteins 
and these must be got rid of before 
analysis can proceed. How shall they be 
precipitated! One hundred articles now 
howl at him in five languages to tell him 
which procedure is best. He must wade 
through these, meantime trying to keep 
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his critical faculty awake. He finds at 
last no entirely conclusive evidence any- 
where that any method for ridding 
blood of its proteins can be absolutely 
guaranteed not to take along always a 
small amount of the amino acids there 
in solution. Total amino acid determi- 
nations mean little, for 25 per cent, of 
one of the twenty might be lost without 
ever showing up in a total amino acid 
determination. Yet that entire 25 per 
cent, loss might, for all he knows, be 
cystine. 

Then how would ultrafiltration dot 
That means passage through a collodion 
(new-skin) membrane under pressure, 
which gives what is said to be a reliable 
filtrate for analysis. Forty polyglot 
articles again assure him of all sorts of 
possibilities here and he wanders through 
the maze experimentally a few weeks. 

Thus we see him reading and seeking 
by laboratory procedure. And in a few 
months he has a method of ridding blood 
of its proteins which he is reasonably 
sure docs not decrease its content of cys- 
tine. He adds pure cystine to blood be- 
fore ridding it of protein and finds the 
added cystine all there intact after- 
wards. That is reassuring, but there is 
a doubt saying he may have changed the 
blood reaction in adding the cystine and 
thus have set up an abnormal condition. 
He hopes not and passes on. 

He makes his ^t analysis and it is 
simply astounding. If he can believe it 
and all this blue color be due to cystine 
then one third of all the amino acid in 
the blood is cystine. This is simply ab- 
surd. Then has he to do with cystine 
altogether t Or at allt This leads to a 
new and more frantic search of the lit- 
erature — a hundred devious articles in 
Babel again. The search is for the most 
likely organic cmnpound to be in blood 
and to cause that color. Finally a di- 
peptide (t.e., compound of two amino 
acids), called glutathione and composed 
of eystine joined to glutamic acid, seems 


most likely. Glutathione was discov- 
ered, though, by Sir F. Gowland Hop- 
kins, discoverer of the first amino acid, 
the light of Cambridge University, one 
of the leading physiological chemists on 
earth and decidedly a baronet. And the 
baronet specifically denies that gluta- 
thione occurs in blood ! 

This is a terrific blow. For prestige 
absolutely blocks the path. In litera- 
ture the unknown is published, but he 
is published only if he is able to impress 
the editor tremendously. In fact, the 
unknown must be better than the well- 
known writer is at best in order to dis- 
tract the editor’s sympathetic attention 
from even the mediocre and uninspired 
work of the established writer. So also 
in science. Established investigators 
with honors have now as always a pres- 
tige which enables them both to gain 
print and to command respect more 
readily than mere unknowns. An inter- 
esting literature might be cited to prove 
this, but Murray’s “Science and Scien- 
tists of the Nineteenth Century’’ is 
enough. 

Therefore our unknown investigator 
had to stop and elaborately establish his 
contention with extreme care. He had 
to render himself thoroughly familiar 
with the glutathione literature. He had 
to match his rudimentary technique 
against that of experts in this line in 
order to learn to prepare glutathione. 
Qualitative tests, three of them, at once 
demonstrated the baronet’s error and 
supplied valid reason for such a mis- 
take. But in controverting so notable a 
man only the actual crystallization and 
identification of glutathione could pos- 
sibly be admitted as sufficient evidence 
for publication. So went a year. 

At the end of this time of travail the 
investigator had his theory proven. Not 
only was glutathione certainly in blood, 
but it was also apparent that this dipep- 
tide, as such, suddenly left the blood 
stream to the extent of 40 per cent, dur- 
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iixg one swift passage through the mam- 
mary gland. How lightning quick this 
transference must be we know when we 
remember that glutathione occurs only 
in the corpuscles and must transfuse 
from them into the blood plasma before 
the mammary cells can grasp it to build 
into milk proteins. Moreover, the fact 
that a dipeptide was actually so used as 
such and without being broken down 
into its two constituents (the amino 
acids) afforded the first instance of such 
a biological utilization and demonstrated 
that the amino acids are not invariably 
the only building stones ever used by the 
organism. This in turn controverted 
facts established by all noted workers 
and effectually damned the particular 
investigation. 

Therefore, our unknown investigator, 
after more than two years of zeal and 
after finding something entirely differ- 
ent from what he started out to find, was 
at last ready to risk publication. He 
could have rushed to print half a dozen 
times earlier and would have then pro- 
duced the usual half-baked article. 

But now, before his article can ap- 
pear, the British Biochemical Journal 
arrives, announcing the isolation of 
glutathione from mammalian blood in 


the Cambridge laboratory of Sir F. 
Gowland Hopkins I Hopkins has recti- 
fied his error. 

Our unknown therefore extracts what 
acrid satisfaction he can from his empty 
“confirmation'' and tries to laugh. He 
finds later — so uncorrelated and over- 
lapping is research — that two other 
investigators were directly on his heels. 
There they all were inefficiently groping 
separately, largely because a great and 
respected man had made a mistake and 
also because there is no world agency for 
effectively coordinating research. 

So our investigator smokes medita- 
tively, smiles sardonically, gathers up 
the pieces, investigates, sees where he is 
and starts afresh on some other comer 
of that immense problem — “The Mys- 
tery of Life." For the moment he is 
blocked by the fact that even his second 
valid discovery contravenes all accepted 
theories and will hence scarcely be ac- 
cepted if he publishes it. Perhaps some 
new problem would be more fruitful 
anyway. 

At any rate we see how he spends his 
time. So he proceeds from day to day. 
So he gropes and wanders. Of such is 
the kingdom of research. 



INVESTIGATIONS OF LIFE IN THE SEA 


By Profeator W. E. ALLEN 

SOBIPPB INSTITUTION OF OCEANOGRAPHY OF THE UNIVBRSXTT OF CALIFORNIA 


There is no evidence that life in the 
sea is fundamentally or essentially dif- 
ferent from life on land. The same laws 
of origin, distribution, maintenance and 
destruction are operative in both re- 
gions. Those differences in life in the 
two regions which attract our attention 
are differences in degree rather than in 
kind and are incidental to the character 
of the media in which the organisms are 
immersed. It is, therefore, reasonable 
to suppose that investigation of marine 
life may be, to a considerable extent, 
guided by knowledge and experience 
gained through investigation of the more 
easily accessible land and fresh water 
life. 

The herdsman going into new country 
estimates its productivity by the vegeta- 
tion spread before his vision. If his 
estimate be made from a single view he 
iaay be grossly deceived according to his 
pveaence in wet or dry season of the year 
OP in wet or dry year of a climatic cycle 
or in a robust or diseased population of 
• biological cycle. In the history of our 
eenntry many fortunes have been made 
sand many have been lost on the basis of 
such single observations. Successful 
mm are, however, disposed to reserve 
eflbrt and expense until other views have 
been obtained. Having established him- 
self in promising territory an intelligent 
lierdsinan then begins a series of more 
detailed studies of the conditions deter- 
mining its productivity, the water sup- 
ply, the plant suooession, the animal 
migrations, the prevalence of pests, the 
infioations of overloading and many 
ctlierB. For handling the details of 
itteb problems he soon finds himself in- 
mmffetent ihroui^ lack of ability, lack 


of time and lack of mental and physical 
equipment. He then seeks the aid of 
specialists who trace individual threads 
of influence in the fabric of condition 
and circumstance and who show, here 
and there, one that is harmful, another 
that is immediately and constantly valu- 
able and another that is practically 
negligible. In most cases the success of 
a specialist in following a thread of in- 
fluence is dependent upon his ability to 
forget every other thing and to concen- 
trate his attention upon the ramifica- 
tions of his particular thread. For that 
reason utilitarian aims in any biological 
research must receive scant attention 
except at the beginning or end of par- 
ticular investigations, when they may 
suggest a problem or direct some appli- 
cation of its solution. 

On account of the profound difficulty 
of carrying on investigations in the sea, 
due to expense, to limitations of space 
and time, and to obliteration of vision, 
the things which have just been men- 
tioned are even more impressive than 
they are in connection with the work on 
land. The herdsman’s single view of a 
landscape is vastly superior, as a basis 
of estimate, to a single visit of a fisher- 
man to a locality of similar scope. Hun- 
dreds of items within the range of vision 
in open country contribute to the valid- 
ity of a conclusion, none of which are 
available to the man who has little or no 
information beyond the catch (not the 
sweep) of his net. As a result the for- 
ward looking fisherman is more immedi- 
ately dependent upon investigations by 
experts and specialists and the special- 
ists are confronted with the necessity for 
high frequency and high continuity of 
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THE MONGOLIAN AGE OF MAMMALS 

(MONGOLIA THE NEW WORLD, PART IV) 


By Professor WILLIAM K. GREGORY 

AMERICAN MUKELTM OF NATURAL HISTORY 


The geologists of the Third Asiatic 
Expedition of the American Museum of 
Natural History found in the Gobi re- 
gion two major divisions of rock forma- 
tions. Very large areas, Messrs. Berkey 
and Morris state, are covered with 
younger sediments that lie nearly flat. 
The strata themselves are simple and 
wherever they arc disturbed the defor- 
mation is of comparatively simple type 
also — either gentle warping or, some- 
what more rarely, sharp flexure and 
actual normal faulting. In all other 
areas much more complex rock forma- 
tions are exposed, representing a more 
ancient floor which is doubtless con- 
tinuous beneath all the sediments. This 
wis .tlie/‘ Old rock floor, in which, as 
w^ saw (Part I), the geologists found 
thfe ■ m'4ch ^ folded and metamorphosed 
remnants' of very ancient rock series, 
often more ‘or<; less penetrated and cut 
by granite orr other igneous rocks. It 
will be receded also that one of the 
formations in^iJae Oldrock floor consisted 
of marine bed's containing invertebrate 
fossils like those of the Permian age of 
China and Europe. Thus one at least 
of' the components of the Oldrock floor 
could be assigned to its approximate 
position in the standard ^'geological 
column” of successive formations. 

The "younger” sediments lying above 
the Oldrock floor and found in the 
separate basins of the Gobi region were 
not marine formations and thus con*' 
tained no marine invertebrate fossils. 
How, therefore, could they be corre- 
lated with each other and with the 


standard marine series of Europe? 
But they did include in all some seven 
thousand feet of .sediments heaped up 
by the rivers and winds and comprising 
about a dozen distinct horizons all con- 
taining vertebrate fossils. Thus Mon- 
golia, like India, Europe, North America 
and South America, was found to have 
its paleontologic column of continental 
depo.sits of the Age of Reptiles and of 
the succeeding Age of Mammals. In all 
these other countries the paleontologists 
have sought to determine which horizons 
in different parts of the world were 
more or less contemporaneous. By com- 
paring the history or evolution of re- 
lated families in different parts of the 
w^orld they have further sought to dis- 
cover where a given family originated 
and by what routes it later became dis- 
persed to various regions. 

At the bottom of the Mongolian 
column of vertebrate horizons we find 
the Oshih (Ashile) formation, contain- 
ing fossil teeth and vertebrae of a large 
sauropod dinosaur named Asiaiosaurus 
by Professor Osborn and closely related 
to the huge Camaraaaurus of Colorado 
(see Part 11). In the same formation 
was found also the remarkably perfect 
skeleton of the small beaked bipedal 
dinosaur named by Professor Osborn 
Psittaoosaums (Part II). The presence 
of these reptiles has led Professor 
Osborn to correlate the Oshih forma- 
tion with the Morri|op or Cre- 

taceous of Colorado ahd^^Wybming. 

Considerably above this horizon comes 
the Djadokhta formation, ’^hich yielded 
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the famous collection of dinosaur eggs 
and skeletons {Proioceratops) and the 
priceless skulls of small mammals (Part 
III). These dinosaurs are distinctly 
smaller and more primitive than their 
huge relatives, the homed dinosaurs of 
the Upper Cretaceous of Montana and 
Alberta, and hence the Djadokhta for- 
mation is provisionally placed in the 
lower levels of the Upper Cretaceous. 

The Djadokhta formation was sub- 
jected to a long period of erosion, but 
afterwards there was deposited upon it 
a series of two hundred feet of reddish 
and drab sediments to which the name 
“Gashato formation has been as- 
signed ; this yielded a puzzling fauna of 
small and primitive mammals described 
by Dr. Matthew in 1925. Perhaps the 
By statp of Central Asiatic Expedition. most important specimen is a small 
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Photograph hy A merican Mueeum of Natural History 
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lower jaw about an inch long, with 
molar and premolar teeth of a peculiar 
type which is fundamentally like that 
of certain extinct mammals of the 
Deseado formation of Patagonia. Frag- 
ments of upper jaws with teeth of the 
same species also have a distinctly 
‘‘South American’* appearance. Hith- 
erto the only known fossil form of this 
general type found outside of South 
America has been a minute lower jaw 
from the Lower Eocene Wasatch forma- 
tion of Wyoming, previously described 


stem forms of the whole series of South 
American orders, which dominated that 
region for millions of years, might be 
traced back eventually to still earlier 
and less specialized ancestral stocks 
originating in the Northern Hemisphere 
before the route to South America was 
cut off. 

Above the Gashato formation there 
follows apparently a considerable break 
in the record, representing all the great 
mammalian faunas of Lower and Mid- 
dle Eocene age in Europe and North 



Phatoffraph by American Muacftm of Natural JNiatory 
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FOUR FE£T, TWO INCHES liONO. 


by Matthew. Thus Mongolia, Wyoming 
and Patagonia seem to be on the dis- 
persal route of these strapgc little mam- 
mals. But in which direction did the 
dispersal take place? 

All the fragments of jaws and teeth 
found in this formatipn are peculiar in 
one way or another, hut a*? h whole they 
appear to suggest a Basal Eocene 
(Paleoeene) age. They tend also to 
strengthen Dr. Matthew ’s view that the 


America, no trace of which has thus far 
been found in Mongolia. The history 
is resumed in the Irdin Manha forma- 
tion, from, the type locality of which a 
large collection of fossil mammals was 
obtained. Here were several kinds of 
small lophiodonts and related hoofed 
animals that were allied to the tapirs on 
the one hand and to the rhinoceroses on 
the other. Many allied forma have been 
found in formations of Eocene age in 
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Europe and Western North America but 
for the most part, at least, these Mongo- 
lian forms were not directly ancestral to 
either their European or their American 
relatives. The relationship, however, is 
sufficiently close to establish the fact 
that there had at some time been some 
route or pathway between these widely 
distant regions. 

This view is fully confirmed by the 
presence in this Irdin Manha formation 
of a great number and variety of titan- 
otheres. This peculiar extinct family 
of hoofed animals in North America ex- 
tended from the Lower Eocene through 
the Middle and Upper Eocene to the 
close of the Lower Oligocene, during 
which time the family was represented 
by nearly two hundred known species, 
ranging from very small primitive horn- 
less forms in the Lower Eocene up to 
the gigantic animals with a transverse 
pair of ‘'horns’’ above the eyes in the 
Lower Oligocene. At that time these 
animals were extremely abundant in 
what is now the "bad land” region of 
South Dakota and Nebraska, and their 
fossil remains were ascribed by the In- 
dians to the legendary "thunder horse.” 
The numerous Mongolian titanotheres 
of the Irdin Manha and of the succeed- 
ing Ardyn Obo formations show the 
most striking resemblances to the re- 
lated forms of corresponding horizons 
in North America. So far no trace of 
the older Middle and Lower Eocene 
titanotheres, which are so abundant in 
the Bridger and Uinta mountain basins 
of Wyoming and Utah, have been found 
in Mongolia and in this case the evi- 
dence at first suggests that the earlier 
stages of the family were passed through 
in western North America, and that the 
family spread thence to Mongolia, one 
or two representativea penetrating also 
to Western Europe. 

These peaceful herbivores , of the 
early Mongolian forests and plains 


were preyed upon by an assortment of 
carnivores which are plainly related to 
those of similar age in Europe and 
North America. Easily the chief of 
these was the huge Andrewsarchus, 
with a skull thirty-three inches long. 
Professor Osborn, who described this 
skull, tells us that "This is the largest 
terrestrial carnivore which has thus far 
been discovered in any part of the 
world. The cranium far surpasses in 
size that of the Alaskan brown bear 
(Ursus gyas), the largest living car- 
nivore, which, when full-grown, weighs 
1,500 lbs.; in length and breadth of 
skull, A. mongoliensis is double Ursus 
gyas and treble the American wolf 
(Canis occidentalis) . It is also treble 
the size of its American relative Mesonyx 
obiusidens from the Middle Eocene of 
Wyoming and double that of Mesonyx 
(Harpagolestes) uintensis from the Up- 
per Eocene of northern Utah, Uinta B.” 

The three-toed horses, so character- 
istic of North American horizons of 
equivalent ages (Upper Eocene and 
Oligocene), were conspicuously absent 
wso far from the Mongolian record, 
while the paleotheres, numerous in the 
Eocene of Europe, were likewise un- 
represented. As yet no one knows why 
these families were absent or why the 
horses apparently did not reach Mon- 
golia until Pliocene times. 

The Hsanda Gol formation, also of 
Oligocene age, contains one of the most 
extraordinary fossil animals ever dis- 
covered, the gigantic rhinoceros Baluchi- 
therium. Formerly discovered by an En- 
glish paleontologist, C. Forster Cooper, 
in Baluchistan, and found by the 
Russians in Turkestan, the American 
Museum expedition was highly fortunate 
in securing a nearly complete skull and 
parts of the idceleton, of this^ amazing 
animal at Hsanda Qol in the western 
part of the Gobi region. The skull is 
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not less than four feet, two inches long 
and the column-like hind foot measures 
more than three feet from the heel to 
the ground. The estimated height at 
the shoulder is about thirteen feet, 
higher than the tallest elephants but 
less massive. 

Under th(3 feet of this titanic animal 
seami)ered a remarkable profusion of 
rodents, some related to the queer 
gopher-like rodent Bathyergus, others 
to the squirrels, dormice, rats and mice 
and pikas, all of which have been iden- 
tified and named in papers by Dr. 
Matthew. Students of the evolution of 
these teeming groups wilt find much of 
interest in the Mongolian fossils. 

In the Loh formation, a thin deposit 
lying above the Ilsanda Qol, the long- 
jawed mastodons arrive, represented by 
a relative of the European Mastodon 
angustidens. This formation is referred 
by Professor Osborn to the Lower 
Miocene. A rhinoceros from this forma- 
tion has the molar pattern more ad- 
vanced than that of Baluchitherium and 
appears to be related to one of the true 
rhinoceroses of the Miocene of Europe 
(Matthew). 

The Hung Kureh formation, succeed- 
ing the Loh formation, marks the first 
appearance of the horse in this region. 
It also contains deer and ostrich re- 
mains and apparently represents the 
Pliocene epoch. 

Later than the Hung Kureh forma- 
tion is the loess of China (fine wind- 
blown dust, more or less consolidated). 
This, with other formations, represents 
the long period which in Europe and 
North America witnessed the slow ad- 
vances and retreats of the great con- 
tinental ice sheets. The glaciers, how- 
ever, never invaded Mongolia. 

Accordingly, the Mongolian record of 
the Age of Mammals has thus far 
brought to light several new and 


strange forms, as the gigantic carnivore 
Andrewsarchus and the still more gi- 
gantic Bcduchiiherium. Apart from 
such novelties, it shows many striking 
elements of affinity with the well-known 
fossil faunas of North America, Europe 
and India, so that there can be no 
question that at least at times there 
was a free land passage between western 
North America, Mongolia and western 
Europe. The Mongolian animals may 
have spread eastward over the Behring 
Straits route into northwestern North 
America ; by travelling westward they 
w'ould find their way into western 
Europe; southward they would soon 
have reached India and Burma. 

Thus it is tempting to look to Mon- 
golia as the Garden of Eden for every 
one of the higher mammalian families, 
from mice to men, and to think of 
every grrtup as originating in Central 
Asia and dispersing toward the south- 
east, south and southwest. But very 
probably the facts are far too complex 
to fit any such simple explanation. In 
the ease of the titanotlieres, for example, 
the earliest very small and primitive 
members of the family appear in the 
Lower Eocene of North America, immi- 
grants from some still unknown region. 
Professor Osborn, assisted by the writer, 
has shown that at every loiowii horizon 
in North America, from the Lower 
Eocene to the close of the Lower Oligo- 
cene, we meet with the more and more 
modified descendants of the earlier in- 
habitants of a given region, together 
with new types that appear to be im- 
migrants from some other quarter. Cer- 
tain gfenera of the Upper Eocene titan- 
othores of both Mongolia and North 
America {DoUchorhinus, Tdmatheriumj 
Protitemotherium) appear to be the di- 
rect descendants of earlier titanotheres 
in the Middle Eocene of North America 
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{Mesatirhinus, Telmathermm cxdtridens, 
Manteoceras) . In the case of the titan- 
otheres it appears that the dispersal 
took place at first in one direction and 
then in another, and the same appears 
to the writer to be true of the mesony- 
chid, oxyaenid and hyaenodont carni- 
vores, also of the amblypods, lophio- 


donts, amynodonts, true rhinoceroses and 
certain artiodactyl groups. 

But what we already know of the 
Mongolian life record is obviously only 
the promise of what is to come, if Roy 
C. Andrews, the Ulysses of paleontology, 
succeeds in getting his expedition into 
the field this year. 



Photograph hy American Jtueeum of Natural Hietory 




THE LIFE HISTORY OF THE FISH ASTRO- 
SCOPUS (THE “STARGAZER”) 

By Professor ULRIC DAHLGREN 

PRINCETON UNIVERSITY 


In the littoral waters of our Atlantic 
coast lives a fish, commonly called the 
Stai'gazer, Astroscopus^ whose life his- 
tory, relationsliips and adaptation to its 
environment are so remarkable that the 
writer, who has studied it at intervals 
for over twenty years, thought the story 
ought to be told, especially as so few 
people know the fish or even suspect its 
remarkable history. 

In 1884 attention was first called to 
the animal by reports that it was capable 
of giving a rather strong shock of elec- 
tricity, and an examination of an alco- 
holic specimen kindly sent from the U. S. 
National Museum soon showed that an 
electric organ of a new type was present. 
The studies that followed brought the 
writer into such close and intimate con- 
tact with this fish that other equally in- 
teresting facts were brought out and 
upon them rests the following account. 

The fish belongs to a very large group 
of fishes, the order Acanthopteri, which 
is so heterogeneous and larga in its com- 
position that this position does not 
signify much as to the relationships of 
the stargazer. The more immediate and’ 
smaller sub-group to which it belongs is 
a division of the fish world known as the 
'^Trachinoidea’' or '‘sand fishes,'' In 
the several families of this group we find 
many genera and species which, aside 
from the more technical features of their 
internal anatomy, clearly show a blood 
relationship. They show, more or less 
plainly, easily observable external fea- 
tures of form, color and structure which 
go to demonstrate that the major por- 
tion of all the genera and species have an 


inclination to live on a sand bottom and, 
more specifically, to live very close to 
the sandy bottom or even in the sand. 
Even further than this, to live in the 
sand in a certain way or manner. 

Many other fishes or whole groups oC 
fishes have developed the ability to live 
in or on the sand, as the little silvery 
sand eels, Ammodytes, which dive into it 
and burrow through it with their sharp 
noses and long eel-shaped bodies; or as 
the flounder tribe, which have tunied 
over on right or left side, developed a 
protective coloration and a secondary bi- 
lateral symmetry and long fins on the 
two sides (once the dorsal and ventral 
edges) with which they can glide over 
the bottom or even, by a peculiar flop- 
ping motion, quickly bury themselves 
completely in the mud or sand. Again, 
tlie skates and rays, instead of lying over 
on one side to take advantage of the 
natural lateral flatness of a fish’s body, 
as the flounders have, are flattened 
dorso-ventrally to produce a flat form so 
that they can act much in the way that 
tJie flounders do. 

While many of these other general 
groups have attained a considerable 
adaptation to living on sandy bottom, 
and a skill in burying in the sand, these 
features have reached their climax in 
Asiroscopus (Fig. 1) and will now be 
described in connection with an account 
of the habits of the fish. It is notable 
that this fish has attained these adap- 
tive structures without noticeably alter- 
ing its general ‘‘ftah-like^' form from 
that found in a sculpin or toad fish. ' 

Astroscopus does not move around 
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FIG. 1. PHOTOGRAPH OF A SIX-INCH ASTROSCOPUS GUTTATUS 
FROM Beaufort, N. C. The outlines of this specimen are somewhat more rounded than 

THEY WILL HE WHEN SUCH A FISH IS ADULT AND THE FINS ^VRE PROPORTIONATELY LARGER. NOTE 
THE Ct?RLEI) UP EDOE OF THE PECTORAL FIN WHICH IS USED TO LEAD AWAY THE RESPIRATORY WATER 
FROM THE GILLS WHEN THE FISH IS BURIED IN THE SAND. ALBO THE SPOTS ARE LARGE FOR THE 

TYPICAL AstroHcopus guttatus. Compare theai with the spotting of 'i he skin seen in moke 
NORTHERN SPECIMENS (SEE PlO. 5). ThE SPOTS ARE ALSO SMALLER THAN THE SPOTS IN A TYPI- 
CAL SPECTMEN OF AsUoscopua y-gniemhm from further south (see Fig. 11). Photograph 
BY C. W. WiLVESTER FROM A SIX-INCH DAY FISH. 


much except when migrating and then 
swims slowly and clumsily. When he 
stops he comes to rest, always on sandy 
bottom and at once begins to squirm 
with short, side-to-side motions of his 
ventral surface and tail, holding the 
caudal and anal fins rigidly so that these 
fins begin to open up a trench into which 
the body sinks. At the same time the 
two large strong pectoral fins and the 
ventral fins begin to perform an outward 
shovel-like motion which digs a hole 
rather than a trench under the heavy 
forward part of the body. 

The animal keeps up this motion while 
resting on its belly in a horizontal posi- 
tion and in that position ^t sinks directly 
downward. This action is guided in its 
rapidity by circumstances. If undis- 
turbed and not pursued the side-to-side 
motions are each abptlt a second in dura- 
tion, the sand is puslied aside and when 
about two thirds under the surface the 
animal stops and rests (Fig, 2), resum- 
ing in a few moments and carrying the 


process to a point whore only the front 
tip of the head and possibly the upper 
tip of the caudal fin are visible (Pig. 3). 
If frightened and seeking to escape, how- 
ever, it alters this procedure. It rushes 
forward and doubles on its path several 
times, often executing one or two clumsy 
somersaults near the bottom to stir up 
the sand and hide its movements, then, 
suddenly straightening out in a hori- 
zontal position, it vibrates and digs as 
described, so violently and quickly that 
by the time the sand has settled it has 
disappeared beneath the surface. It may 
go down for as much as twelve inches or 
more. The writer once spent a beautiful 
October afternoon wading along Buck- 
row beach near Old Point Comfort, Vir- 
ginia, in about three feet of water on a 
dean sand bottom, and, among the 
other fishes seen, were seven stargazers. 
All were concealed just under the sur- 
face of the sand and when touched with 
the boot or net handle sprang out of the 
sand, dashed off about a dozen feet and 
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went through this performance. Five of 
these were captured by the bare hand 
which was pushed down in the sand at 
the spot where the animal had sunk 
until the fingers could be closed tightly 
around the still burrowing fish, now six 
or more inches below the surface, which 
was then drawn out and carried ashore. 
One of them got down fuUy twelve 
inches in the loose sand before capture 
and two were not found, either because 
too deep or because it had not been pos- 
sible to properly locate the spot where 
they sank. One kept in the Washington 
Aquarium was nearly always half buried 
in the sand (Fig. 2) or just under the 
surface with a small patch of the upper 
head showing. The next photograph 
(Fig. 3) was taken from above o£ a liv- 
ing stargazer in the sand at Beaufort, 
N. C. This fish had been in this same 
position all day but came out and moved 
about some in the evening. 

The first adaptation to be mentioned, 
a slight one, is in the general shape of 
the body, particularly the flattened up- 
per surface of the head, which surface 
extends out as a plane to the extreme tip 
of the snout, making the front of the an- 
terior end blunt and enabling the whole 
body to be just submerged so that mouth, 
nostrils, eyes and other organs, while al- 
most concealed, are still at the surface. 


The second adaptation is the develop- 
ment of caudal, anal, pectoral and ven- 
tral fins to a strength and position in 
which they can do the digging (Fig. 1). 
The ventral fins also have been moved 
forward where they will best assist the 
pectorals In burying the head. In con- 
nection with this there are undoubtedly 
nerve reflexes and coordinating mecha- 
nisms established that operate these vari- 
ous motions for their most efficient work. 

The third adaptation, that for sight, 
lies in the anterior position of the eyes 
and their position on the flat top of the 
head. Not only this, however, for the 
eyes can be moved up and down so that 
they either protrude a short distance to 
see above the very thin covering of sand 
or lie flat in their sockets. This appeal*^ 
to be accomplished by the filling of the 
tissues back of the eye with some l^y 
fluid, so that they arise on short stalks 
for as much as one quarter of an inch. 
The writer has also seen this eye raising 
in flounders, skates, gobies and other 
bottom fish that live on the bottom or 
bury in sand or mud. It is not present 
in most fishes. 

The fourth adaptation is an extensive 
and somewhat complicated organization 
of parts of remarkable interest and is 
connected with the breathing of water. 
It must be considered in detail as several 



FIG. 2. PHOTOGRAPH OF A LIVING A8TB08C0FU3 OVTTATUS 

HALT BURIKD IN THE SAND IN THE AQUARIUM IN WaBHINCTON. OaPIURED AT NORFOLK, VA-, AND - 
SHOWS THE FINE-SPOTTED PAOTBRN OF THE TTFICAL NORTHERN STRAIN. FROM D. S. JORDAN ’S 
BOOK ON FISHES AFTER A PHOTOQRAPH BY DR. B. W. BuUFBLT FROM A TWXLVE-INOB BAT FISK. 
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FIG. 3. PHOTOGRAPH OF A LIVING ASTE0SC0PU8 GDTTATUS 

BURIED IN THE SAND AT BEAUPORT, N. C. THE TOP OF THE HEAD AND UPPER TIP OF THE TAIL 
ARE ALONE VISIBLE. HaLF WAY BETWEEN HEAD AND TAIL NOTE THE TWO SMOOTH SPOT’S (x) ONE 
ON EACH SIDE, WHERE THE GRAINS OF SAND ARE DANCING IN THE TWO CRATERS THROUGH WHICH 
THE RESPIRATORY STREAM OP WATER IS PASSING UP FROM THE TIPS OF THE PECTORAL FINS BE- 
NEATH. Photograph by C. W. Silvester fiu)m a seven-inch bay fish. 


interrelated items. First, the fish has 
developed the very unusual structure of 
a connection between the narial cavity 
and the pharynx. In all but Astrosexjpus 
and one or two other forms of fish the 
narial chamber has no connection with 
the mouth cavity but opens to the ex- 
terior by two small holes on the outer 
surface of the head, one opening situ- 
ated at the anterior end of the chamber 
and provided with an erect flap of in- 
tegument so placed as to direct the water 
into the chamber as the fish swims for- 
ward, the other usually posterior to this 
and designed to allow the water to flow 
out, thus establishing a current through 
the chamber for testing the odors in the 
water by the chemo-receptivo nerve end- 
ings situated therein. In such case no 
water can pass from the narial cavity 
into the pharynx and in consequence 
most fish can not breathe through their 
noses. 

The narial cavity of Astroscopus opens 
on the outside of the head (Kg. 4) by 


the usual two holes, but in addition it 
also opens downward into the large 
pharynx by a passage of considerable 
size. What, then, is the course of any 
water currents T In order to explain 
this we must first describe the act of 
breathing which is common to all teleost 
(bony) fish. 

In every such fish the large mouth 
cavity or pharynx opens anteriorly by a 
wide lateral slit, the mouth, and pos- 
teriorly by two symmetrical and vertical 
slits known as the gill openings. The 
sides of this cavity are composed of two 
large, thin and stiff structures of bone, 
connective tissue and skin known as the 
opercula, whose posterioi^ edges form the 
outer edge of the gill slits. These oper- 
cula, hhiged on their anterior edge, 
where they are connected with the skull, 
are provided with powerful muscles 
which move them synchronously inward 
and outward, thus alternately enlarging 
and contracting the. capacity of the 
pharynx. 
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When the opercula open, water comes 
in freely at the mouth but is prevented 
from coming in at the gill slits by two' 
loosely hung valves called the branchio- 
stegeal membranes, which are hung 
loosely on the opercula. 

When the opercula close, water passes 


freely out of the gill slits while it is pre- 
vented from returning through the 
mouth by two thin, membranous semi- 
lunar shaped valves, the mandibular and 
maxillary valves, which snap into place 
in the current and keep the water in. 

Thus wo have a two-valve pump with 



FIG. 4. VIEW i^BOM ABOVE OF A PRESERVED SPECIMEN OF A8TB08C0PVS 

OUTTATU8 

FROM Norfolk, Va., to show the external features of adaptation — (E) eyes; (a.n.) ante- 
rior nostrils; (r.N.) posterior nostrum from which the FILAMENTED GUARDED RE6F1RATOBT 
GROOVE (a) EXTENDS BACKWARD AND OUTWARD; (m) MOUTH WITH ITS INTERDIGITATINQ SIEVE 
FILAMENTS TO KEEP THE SAND OUT OF THE RESPIRATORY STREAM; (G.8.) GILD SLITS, PROLONGED 
BACKWARD TO REACH THE BASES OF THE PECTORAL FINS (P.F.) WHOSE OUTER EDGES CURL UP TO, 
PROVIDE A TUBE-LIKE CHANNEL THAT WILL QPNDUCT THE EXUALENT BXSPIRATORT STREAM TOWARD 
THE SURFACE OF THE SAND WHEN THE FISH HAS BURIED ITSELF; (E.O.) OUTLINE IN INK TO SHOW 
THE extent of THE ET<E0TR1C ORGAN; (L.L.) LATERAL LINES. A TWELVE-INCH BAV FISH. 
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the water running backward from mouth 
to gills in response to the bellows-like 
action of the opercula and the action of 
the two pairs of valves. The gills are in 
this way always supplied with new salt 
water carrying the oxygen they need 
for the animals^ respiration. 

Now we can examine the action of the 
naso-pharyngeal passage of Asirosco'pus 
mentioned above. When the opercula 
expand and water runs in at tlic mouth 
in Astroscopus it also comes into the 
phamyx from the nose througli this 
pa^ssage. When the opercula close this 
water is prevented from running back 
into the nose by a pair of small mem- 
branous valves, one on each pharyngeal 
end of tlie two passages. These we must 
call the two narial breathing valves. 

We can now see that the stargazer 
could breathe through his nose alone, 
pcrha])s more slowly but in considerable 
volume. And he does. The two double 
nose openings may be free when the 
mouth is covered by sand. 

In the second place Asiroscopus has 
still another adapt ation in connection 
with his breathing intended to enable 
him to breathe when the water is full of 
flying sand or even when he is buried in 
loose sand, without having any of this 
sand drawn into his pharynx. This con- 
sists of a row of fine, comb-like serra- 
tions on the edge of each jaw, placed so 
that when the jaws close these fleshy 
serrations (Pig. 4, m.) interdigitate. A 
sieve is thus formed that keeps the sand 
out but lets the water in and, by opening 
the jaws slightly, he can let in more 
water when the sand grains are larger, 
or by closing his jaws further he can keep 
out the finer grains at the expense of not 
getting so much water. 

The two nose openings on top of the 
head are also armed jurith these same, 
fleshy, comb-shaped fringes. In the case 
of the small, round, anterior opening this 
fringe forms a blunt rosette (Fig. 4, a, 
n.). In the case of the posterior open- 


ing (Pig. 4, p. n.) another feature is 
added. The narial channel, where it 
comes to the surface of the head, bends 
over at nearly right angles and foms a 
long trough or groove whose two upper 
edges bear a row of the serrations (Fig. 
4, g.). In this instance a great deal of 
water can filter into this groove, more 
than could flow into a round opening 
guarded by the serrations and as much 
us can pass rapidly from the narial 
cavity down through the naso-pharyn- 
gcal tube into the pharynx for respira- 
tory purposes. This modification makes 
nose brcatliing a practical feature of the 
life of Astroscopus even when buried in 
the sand. Many of our own engineering 
feats in constructing muni(*ipal water 
works are not so well planned. 

One more double feature of this fourth 
adaptation is to be seen in the breathing 
apparatus of this wonderful fish. This 
is found in connection with the disposal 
of the water after it has been used in 
breathing. The water is not expelled 
directly into the surrounding sand. We 
find that the gill slit (Fig. 4, g. s.) is 
narrowed and drawn backward and up- 
ward into a short, loose, baggy tube. 
This carries the waste water a short way 
through the surrounding sand. This 
tube ends near or next to where the 
great pectoral fin begins (Fig. 4, p. f.). 
Now the pectoral fin is the most powerful 
digging machine that the fish possesses, 
but when the digging is completed the 
fin remains with its distal end cocked 
lip so that the tip is above the level of 
the back and the outer fin edge is thin 
and soft. This edge is curled over into 
a rounded, closed or partly closed tube 
(Fig., 1) and this tube communicates 
with the gill tube so that the waste water 
is carried still further up through the 
sand in this channel and discharged from 
the tip of the fin. In the figure one can 
see, directly over the tips of the two pec- 
toral fins, two tiny craters in the sand 
(see Pig, 3, x.). At the bottom of each 
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riQ. 5. A PBESEKVED SPECIMEN OF A3TB0SC0PU8 OOTTAl’VS 
(Northern, riNE-BpoTTEo type prom Norfolk), showino the electric oso.ur dissected out 

ON THE RIGHT SIDE AND WITH THIS ELECTRIC ORQAH DISSECTED AWAY TO SHOW EYE MUSCLES, 
NERVES AND BLOOD VESSELS OP THE REOION ON THE UIPT SIDE. BOTH EYES IN POSITION. PHOTO- 
GRAPH BY C. W. Silvester from a fish eleven inches long. 


crater, over a live fish, a close examina- 
tion will show the sand grains dancing 
up and down continuously as they do in 
the sandy bottom of many springs where 
the water is welling up. 

The fifth adaptation consists of a de- 
cided change in the position of the lat- 
eral line. The lateral line of bony fishes 
is an open groove or more often a closed 
groove or tunnel (Fig. 4, 1. 1.) opened to 


the exterior by a series of holes or tubes 
placed in various symmetrical positions. 
In this groove or tunnel are sense organs 
of some unknown function. Various 
functions have been argued from the 
perception of sound to the reception of 
chemical stimuli. This latter may be 
true. 

Whatever this sense may be, it is clear 
that in a fish that lives buried so long in 
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the sand, it would be of advantage to 
have this organ nearest to the surface of 
the sandy bottom in which it lies buried. 
In most fish the line pursues a straight 
direction or gentle curve on each side of 
the body, often with a sharper upward 
detour in its anterior end. In Astro- 
scopus the lateral lines, beginning well 
up on the gill opening on each side, run 
upward at a sharp angle until the two 
lines lie almost together, one on each side 
of the dorsal fin or, where there are no 
fins, on each side of the median dorsal 
line (see Fig. 4, 1. 1.). This brings them 
into a position where they are nearest to 
the open water and on a part of the body 
that is last buried when the fish goes into 
the sand. In fact, most of the fish’s time 
is spent witli the top of the head and 
median dorsal line just level with the 
sand so that the lateral line is near 
enough to ,the surface to operate. This 
is clearly an adaptation to its habits. 

The sixth and last adaptation to the 
fish’s life in the sand is pn)bably a 
more radical and deeper seated one than 
any of the others. This is the ocular 
electric organ which gives oflf from the 
eyes and their neighborhood a shock of 
painful intensity. 

In Pig. 4 one can see two rounded 
oblong areas of considerable size just 


behind the two eyes. An ink line indi- 
cates the limits of one of them. If the 
skin be removed from the head (Pig. 5) 
these areas will be seen to represent two 
wide deep wells in the skull, wliich pass 
downward with the same diameter until 
they open into the mouth cavity, but 
shut off from communication with this 
by the skin of the roof of the mouth. In 
life each well is fiUed with a mass of 
grayish, semi-transparent tissue which is 
the source of the electric discharge. 

On microscopic examination of a verti- 
cal section of the electric tissue it can be 
seen that each of these electric organs is 
composed of about two hundred layers 
(Pig. 6) of evenly spaced hori 2 X)ntal 
layers (in a horizontal section it can not 
be observed) and that each of these 
layers is constituted by about twenty 
smaller plates lying side by side (Pig. 
7) and of somewhat irregular shape and 
size, all moulded together to form the 
regular shape and size of the larger unit 
which has been calleil the electric la/yer, 
while the smaller units of which its 
lateral extent is composed may be desig- 
nated the electroplaxes. 

All electroplaxes have a smooth upper 
surface and a papilla studded lower sur- 
face. These papillae are for the pur- 
poses of affording a greater surface for 
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FIG. 6. DIAGBAIiP^TIO VIEW OF PAST OF A VEBTIOAL SECTION OF THE 
ELEOTBIC TISSUE OF ABTSOSOOPUS 

TO SHOW THE ALIONUENT OT THE HORIZONTAli ELECTBIO lATSHB. THERE ABE ABOUT TWO BUM- 
BBED LAYBBB m EACH OKOAK IN A nSB AT AtX STAGSa OF ITS mWTH. 
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TOP OF ONE ELECTEJC LAYEE OF 
ASTR0SC0PV8 

TO SHOW ITS CONSTITUENT ELKCTROPLAiES. 

exchanges with the blood vessels that are 
in contact with them and this lower sur- 
face may be spoken of as the nutritive 
surface. The smooth upper surface is 
studded with thousands of nerve ending^ 
formed by the branching ends of a few 
nerve fibers that come in between each 
pair of electric layers. The substance of 
each layer (and its constituent electro- 
plaxes) is striated much as muscle sub- 
stance is, only the striations are not 
straight and parallel as in muscle but 
curved and parallel. We shall see later, 
as is known about some of the other 
electric fishes, that each electroplax rep- 
resents a single muscle fiber. Some of 
the other electric fishes, as Elect rophorus, 
the electric eel, and Mormyrus, form 
each electroplax from several muscle 
cells instead of from one. 

The upper surface of this entire organ 
represents the negative pole of a source 
of E. M. P. and the lower surface repre- 
sents the positive pole. Consequently 
lines indicating the field of discharge 
and current during the shock would run 
from upper minus surface to lower plus 
surface (ir down through the organ and 
from plus around to minus or up outside 
the organ. 


The organ is supplied by fibers from 
the third or oculomotor nerve whose 
motor centers in the brain show the 
usual very large nerve cells found in 
connection with all electric organs. 

One remarkable and puzzling arrange- 
ment in tjonnection with the apparatus 
is the position of the eye and the arrange- 
ment of its six muscles and the optic 
nerve with reference to the mass of elec- 
tric tissue. The six muscles and the optic 
nerve reach into the eye socket or 
electric chamber from the lower and 
posterior edge of the organ and the 
eye is over the upper anterior edge (Pig. 
5). In order to reach the eyeball they 
must and do pass for long distances 
through and around this bulky mass of 
tissue. What morphological significance 
has this electric tissue? 

Pirst, we know that most electric tis- 
sue originates from muscle, and the only 
muscles in such a locality in Astroscopus 
that could easily form it are the eye 
muscles. We also know that the third 
or ocular motor nerve supplies motor 
stimulus to only certain of the eye mus- 
cles and we see here that the electric 
tissue is supplied with a large branch of 
this nerve. Both these facts point 
strongly to one or more of the eye mus- 
cles as the source of the electric organ 
and yet all eye muscles are present, ap- 
parently perfect, ancj are innervated by 
their proper nerves, the third, fourth 
end sixth cranial nerves. 

Secondly, when first studied, it 
seemed that this organ ^ might have 
been developed in early embryonic 
life from one of the group of 
three palatine muscles which lay almost 
next to it, particularly the levator arcus 
palatini, or from the adductors mandi- 
bulae which touched it at another point. 
This supposition, however, seemed not 
quite so probable as the eye muscle 
theory on account of certain arrange- 
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ments of nerves and arteries which sup- 
plied both these muscles and the electric 
organ. 

The best logical supposition that could 
be entertained, therefore, seemed to be 
that the electric organ was derived by 
an unusual modification of a portion of 
one or more of these eye muscles and 
since the electric organ was innervated 
by branches of the third neiwe exclu- 
sively it was surmised that the muscles 
involved were one or more of those 
served by the third nerve, namely, the 
inferior oblique, internal rectus, supe- 
rior rectus and inferior rectus. It was 
not considered that the superior oblique 
or external rectus could have been in- 
volved because they are always supplied 
in all vertebrates by the fourth and sixth 
cranial nerves, respectively, and these 
nerves showed no signs of being involved 
with the electric tissue. 

This puzzle could only be solved in 
one way, it became very evident, and 
that was by a study of the embryological 
history of the parts involved. To do this 
it was necessary to have certain stages 
of tlic development of Astroscopus^ and 
no one had ever seen a young Asirasco^ 
pus. Nor did any questions addressed 
to the U. S. Fish Commission, to native 
fishermen and to others who had ob- 
served the fish throw any light whatever 
on its breeding habits. 

The writer determined to get this 
knowledge and the whole story of how 
he finally succeeded makes such a typi- 
cal account of the methods that must, 
often be employed in biological work 
that it will be related here. 

Up to this time the fish, had been se- 
cured in the summer and fall from trap 
nets or pounds in the lower part of 
Chesapeake Bay, only about two dozen 
in all. Such were fairly large, from 
eight to twelve inches Ot more in length 
and were considered fully adult. It 
seemed a very easy matter to dissect 
some of these fish and to get consider- 


able information from a microscopic ex- 
amination of their ovaries in order to 
tell something about when they bred and, 
possibly, how they deposited their eggs 
and even where the eggs were laid. 

It may be said here that teleost fish 
in general have two types of breeding. 
The first is to throw out into the water a 
vast number of very small eggs, some- 
times several million in number, which 
are transparent in color and which 
would sink to the bottom were it not for 
the fact that many of them possess in 
their mass one or more globules of oil 
which, by virtue of the low specific 
gravity of oil or of the egg itself, 
cause the whole egg to rise to the 
surface where development takes place 
and the young fish hatches and then, 
after a short larval life on or near the 
surface of the sea, descends to the bot- 
tom, if its parents are bottom-living fish, 
and spends the rest of its life there. In 
size such eggs arc seldom over two milli- 
meters in diameter, usually much less, 
and the young fish as well as the egg are 
both transparent, since probably only 
such could escape their enemies in suf- 
ficient numbers to keep up the numbers 
of their kind. This is called the pelagic 
method of breeding, since it usually 
takes place far enough out at sea to pre- 
vent too many of the eggs from drifting 
ashore before they hatch. It is a dan- 
gerous method, and vast numbers of the 
eggs and larval young are lost by being 
eaten by such fish as mackerel and men- 
haden, which systematically sift the sur- 
face waters through their net-like gill 
rakers to get them. So the eggs must be 
small and transparent in order that they 
may be sufficiently numerous and incon- 
spicuous for enough to survive. Many 
bottom-living fish breed by the pelagic 
method, as flounders, gurnards, cod, etc. 

The other part of the fish world lays 
its eggs on the bottom either at ran- 
dom or in some sort of nest where they 
may be carefully guarded, sometimes 
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even in the mouth, and in all these cases 
the eggs are usually less numerous, 
opaque and of larger size. Those laid 
in nests are often very large and the 
newly hatched fish are much better able 
to t^e care of themselves when they 
leave the nest than are those that breed 
by the pelagic method. 

It was assumed that Astroscopus 
would be a nest breeder of some kind 
simply because several of its near rela- 
tives, as the toad fish (Opsanus) and the 
midshipman {Porichthys) and some 
others, all lay a very few very large 
eggs in nests under stones and carefully 
protect their young until of consid- 
erable size. 

But when these ten or twelve inch 
stargazers caught in the summer from 
lower Chesapeake Bay were examined 
microscopically under the high-powered 
lenses as to their ovaries, it was found 
that all the eggs were so small and so 
immature that nothing at all could be 
decided as to their breeding habits. 

Such fish were then examined when 
caught during the time from April to 
November with the same result, and it, 
seemed that the warmer months were not 
the months when they bred as most of 
our Atlantic shore fishes do. It seemed 
probable that they must breed in the 
winter months. 

So for several years expeditions were 
undertaken from December to March 
and the fish were sought in their usual 
haunts but none was captured. They 
were dredged for in the shifting sands 
of half -moon shoals and even in the bay 
mud where eels and the blue crabs bury 
and spend the winter, but none were 
found. The only information 6btaii>ed 
was that late in the fall young Astro^ 
scopiis from two and one half to four 
inches long appeared sometimes in the 
bay in small schools of several dozen but 
that even these disappeared in the win- 
ter. Did they and the large fish we had 


been getting dig so deep in sand or mud 
that we could not reach them or (a new 
idea) did they go ouT: to sea? 

The writer then learned that some 
fishermen had set several pound nets on 
the outer shore of the coast at Virginia 
beach and that one of these nets was 
several miles out from shore. He visited 
their fishing camp and after talking with 
them left some large cans full of pre- 
serving fluids (alcohol and formalin) 
with the promise of reward if stargazers 
were secured. 

The next step to success was secured 
in this way. In latter May these fisher- 
men found in their traps far larger As- 
iroscopus than the writer had ever seen 
before, weighing fifteen or twenty 
pounds and measuring as much as 
twenty-two inches in length, and, best of 
all, upon dissection it was found that the 
ovaries were bursting with fully matured 
and ripe eggs ready to be laid. The eggs 
were small and transparent and pos- 
sessed oil globules and it was certain 
that this fish bred by the pelagic method 
and that they bred in late spring and 
early summer. It was also realized that 
the ten or twelve inch fish in the bay 
were as yet sexually immature, a very 
unusual condition, as most fish breed 
when comparatively young and small. 

So the next step was to find the young 
fish and eggs on the surface of the sea 
and study the development of their elec- 
tric organ. The aid of the fisheries ex- 
perts of the U. S. Pish Commission was 
sought and one of them brought in, 
preserved, and sent to Princeton five of 
the first larval Astroscopus that the 
writer had seen. They were but recently 
hatched, about four millimeters long and 
at a stage of development when most 
pelagic breeding fish leave the surface 
and go to the bottom if their parents 
live there as Astroscopw does. 

Sections were cut and the larval heads 
were reconstructed in wax and studied 
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and the disappointment endured of 
finding that they possessed no electric 
organ at all or hardly a trace of one. 
All the eye muscles were present in their 
proper places and innervated by the 
nerves that commonly innervate them in 
fishes and other vertebrates. It even 
was doubted if these were Astroscopus 
larvae at all but possibly were tlie young 
of some other near relative of this fish, as 
Kathetostoma. The muscle fibers in the 
edges of several eye muscles stained a 
little darker in color than in others, but 
this hardly seemed to mean the develop- 
ment of an electric organ. 

In August of the next year the Pisli 
Commission steamer Fisii Hawk was 
surface towing again some twenty miles 
ofP the coast and farther south when her 
naturalist, Dr. W. W. Welsh, found in 
the tow and sent to the writer some more 
larvae of Aiitroscopus of larger size, one 
of which was nine and one half milli- 
meters long and another fourteen milli- 
meters in length. These were likewise 
studied, and at last some first trace of 
the origin of the electric organ was 
discovered. 


The upper edges of the four upper- 
most eye muscles were seen to be slightly 
enlarged and to stain somewhat differ- 
ently from the regular muscle substance. 
The hypertrophied muscle fibers on the 
edges of the muscles showed a shortening 
and widening of one end, another evi- 
dence that they might be turning into 
clectroplaxes. One still puzzling circum- 
stance was that the superior oblique and 
external rectus eye muscles were still 
supplied with nerve fibers by the fourth 
and sixth nerves exclusively, while the 
adult electric organ was known to be 
supplied only by the third nerve. How, 
then, could we state that the muscle tis- 
sues of these two eye muscles played any 
part in the formation of the matured 
electric organ ? Only an examination of 
an older stage of the development could 
show. 

Study was then made of some means 
for securing that older stage, and the 
writer went to the fisheries laboratory at 
Beaufort, N. C., to spend the summer 
and try to get this material. In the first 
place he now knew that the young 
Astroscopus live on the surface for a 



FIG. 8, PHOTOGRAPH OF A PRESERVED TWENTY-MILLIMETER LARVA OF 

ASTROSCOPUS 

TAKEN ON THE SURFACE WITH A TOW NET BY THE TJ. S. P. C. STEAMER FiaH Sawk, ABOUT FIFTY 

MILES Off THE VIRGINIA CAPES. 
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FIG. 0. THE EYES OP ASTBOSCOPVS 

Drawing of the eyes, the six eye muscles, the four portions of Each electric organ and 

THE ASSOCIATED NERVES AND BLOOD VESSELS OP A TWENTY- MIU.,IM:ETER AstrosoOpUS. ThE NUM- 
BERS INDICATE THE NERVES SHOWN, THE INITIALS THE SIX EYE MUSCLES. ONLY THE FOURTH AND 
SIXTH NERVES ARE SHOWN ON THE LEFT SIDE, AND ONLY THE THIRZ) NERVE WITH ITS BRANCHES 
ON THE RIGHT SIDE. THE FEW BLOOD VESSELS SHpWN ARE NOT MARKED. EYE MUSCLES ARE COL- 
ORED A SMOOTH GREY TONE, ELECTRIC ORGAN RUDIMENTS ARE STIPPLED. DRAWN BY MiSS QrACE 

White, 


much longer time and until a much more 
complete stage of development than the 
large majority of pelagic breeders of the 
fish tribe. This is not so remarkable, 
as it was known that the file fish, the 
lump fish, and several others remain at 
the surface until over an inch or two 
long, after which they live near the 
bottom, while some of the flounders, 
typical bottom fish and pelagic breecjers 


remain at the surface until nearly 
three fourths of an inch long, so it was 
possible that Astroscopus attains his 
full development as to electric organ 
while still on the surface. 

The point was, how to get some stages 
of larval Astroscopus larger than fifteen 
mm. A great deal of towing did not 
seem to find them. The idea was con- 
ceived that the young fish of fortunate 
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size might be captured on their way 
down to the bottom by deep towing, but 
that method failed ; so the apparently 
desperate method was conceived of exam- 
ining the stomach contents of some kind 
of voracious fish tliat Jives near but not 
on the bottom and at once the sea baas, 
Serratms, was thought of. These fish, 
averaging about two pounds in weight, 
live in immense numbers near the bot- 
tom on some banks a few miles off sliore. 
They are constantly on the alert and 
hungry for all small diving creatures 
and it was decided to systematically ex- 
amine their stomach contents for a con- 
siderable period in the hope of getting 
the desired stage of Astroscopus. 

This decision was taken the more 
readily since it was known that many 
small fishing vessels make a business of 
catcliing sea bass in largo numbers and 
dressing them for the market on the 
grounds. The writer shipped on th(^ 
cruises of several of those vessels and 
also went on one trip on the U, S. F. 0. 
Fish Hawk off the Carolina eoast, and 
found the fishermen very glad to liave 
some one along who would dress fish for 
them as fast as caught, although they 
had grave suspicion of the practicability 
of his methods or the usefulness of his 
purpose, even when fully explained. 

On a somewhat rough estimate the 
stomachs of between twenty-five hundred 
and three thousand sea bass were opened 
and examined before the fii*st Astro- 
scopus was found, and only two were 
found in all. But these two small fish, 
one of nearly one inch in length and the 
other slightly over an inch, were the 
critical stages sought and told the whole 
story ; especially as Mr. Welsh also con- 
tributed another specimen of a little less 
than one inch (twenty millimeters, Fig. 
8) in length, which he had caught in the 
tow at the surface. The two specimens 
taken from the sea bass stomach were in 
an excellent state of preservation for 


sectioning and histological study, for the 
first stages of digestion, hopeless as they 
may appear on first sight, constitute an 
excellent fixation for the tissues for his- 
tological study, and the staining reac- 
tions of such tissues are good. 

The whole lot of material was turned 
over to a pupil of the writer, Miss Grace 
White, who wrote her thesis for the doc- 
tor’s degree and published the work in 
tbe Carnegie Institution Series. Her 
findings in brief are as follows. 

The young Astroscopus develops as 
any other pelagic fish would, while living 
at the surface of the sea, until over 
twelve millimeters long. At this time the 
upper edges of the four uppermost eye 
muscles begin to thicken and at about 
twenty millimctei‘s in length these thick- 
ened edges begin to separate from the 
mus(.‘le and mass themselves into a group 
that later constitutes the electric organ 
(Fig. 9) . Those portions that come from 
the rectus extemus and superior oblique 
eye muscles lose their connections with 
the sixth and fourth nerves, and 
branches of the third nerve, which al- 
ready innervates the other two electric 
elements, grow out and supply them. 
Meanwhile all the muscle fibers in all 
four detached elements of the future 
electric organ grow shorter and wider 
until they form flat plates, the electro- 
plaxes. 

The electroplaxes have meanwhile 
grouped themselves into horizontal lay- 
ers, about twenty in eacli layer, the 
layers all lying horizontal in the mass 
and most accurately spaced apart, with 
the electric surface' up and the papil- 
lated nutritive surface down, so that the 
electromotive force produced by such is 
added to that of its upper and lower 
neighbors, in this way producing the sum 
of about fifty volts during the synchro- 
nous discharge of the elements. 

Thus we find this remarkable adapta- 
tion to sand life, an electric organ on the 
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FIG. ]0. AN ASTB08C0PV8 BISINQ FROM ITS HIDING PLACE IN THE SAND 

TO CAPTURE A SMALL KIKH. DRAWN BY R. BrUCE HORSFAUj FROM DESCRIPTIONS BY THE WRITER. 


top of the head where it is ready to be 
discharged when any other creature 
threatens it from above as it lies buried 
in the sand. It is also possible that it 
sometimes uses the organ to stun its 
prey, which consists of small fish that 
swim over its hiding place, as is done by 
the larger electric torpedo with his 
stronger electric organ. It has no need 
for this, however, as Astroscopus can 
spring from his hiding place and, rising 
swiftly, capture such fish, as the writer 
has seen him to both in the aquarium 
and in nature (see Fig. 10). 

We are now in a position to outline 
the fishes life history in some of its 
major aspects. 


Its egg is laid in late spring and early 
summer off our sandy coast in water 
from thirty to possibly two hundred feet 
in depth. The egg rises slowly to the 
surface where it floats and hatches into 
a little transparent fish only a few milli- 
meters long. It grows rapidly, living on 
its yolk sac, and when about six or seven 
millimeters long it begins to cat other 
and younger fish larvae, very often other 
Astroscoptis. It then acquires a black 
color, which deepens with time, and, 
later, a bright yellow spot appears on its 
blunt chin. When about twelve or 
fifteen millimeters long and probably a 
month old the remarkable change in 
its eye muscles begins that results iq 
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an electric organ. At about one inch in 
length, or a trifle over, it begins to swim 
deeper and finally swims straight down 
to find the home it instinctively craves, 
in the sand. I have often thought of the 
dangers of this^nal dive. If it reaches a 
fine sandy bottom, well and good, but if 
it comes down on a rocky reef there must 
be many enemies waiting to receive and 
eat it. And what happens if it settles on 
a soft mud ? The adult fish dislike mud 
and avoid it. 


The young fish when it settles is a per- 
fect young stargazer in form, with its 
eJectric organ almost completely de- 
veloped and its skin much darker in 
color than the adult. It is now about 
two to two and one half months old, and 
its tendency is to work inshore and seek 
the mouths of our sandy bays, from 
Long Island to Florida and the Gulf of 
Mexico. Great South Bay, Barnegat 
Bay, Delaware Bay, the Carolina sounds 
are the places that it likes and it shows 



FIG. 11. TOP VIEW OF MOST OF A LABGE SPOTTED ASTBOaCOFUS Y-QBABCVU 

ntOlC GBOBOIA, fOURTEBM INCHES LONG. PHOTOGRAPHED PROM A PftBSBRVED SPBOIICBN. 
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at this age an apparent desire to travel 
in small schools. When winter comes it 
probably moves olf shore to avoid the 
severe cold and moves into the bays 
again the next spring and summer. We 
have little or no information on this 
point and in its southern range such 
short- migration is not necessary. 

When about eight inches long the fish 
spends its summers around the mouths 
of the bays and in their lower wider 
reaches of water, always staying on the 
sand and usually bedding in the sand by 
day and moving about by night. It is 
also found near shore on the open sandy 
coast. In the fall, at least in our north- 
ern states, it collects at the mouths of 
the bays and is especially active as cool 
weather comes on and may often be seen 
or caught up near the beaches in only a 
few inches of water. Then, after some 
cold northwest wind, it is seen no more 
until spring. We do not know, but it is 
very probable indeed that it moves off 
into deep water for the winter. This 
life, which may be called its bay life, 
lasts for several years until the fish be- 
comes over twelve or thirteen inches in . 
length and probably from four to six 
years old. Then it is never seen in the 
bays again but moves to the sand bot- 
toms some distance off the coast, where it 
lives permanently, possibly migrating 
further out in winter and inshore in 
summer. Now for the first time the 
ovaries and spermaries, which up to this 
time have been unproductive in spite of 
the fish’s comparatively large size, ma- 
ture a crop of ripe eggs and sperm in 
the early spring of each year, and the 
fish breed around May or June in the 
latitude of Norfolk, Virginia. In Florida 
they breed in January. 

Three species of this genus are re- 
corded in the books on fish taxonomy: 
Astro^copus guttahiSf found from liong 
Island, N. Y., to Cape Hatteras, Va. ; 
Astroficopus Y-graectim (Fig. 11), found 


from Hatteras south into Florida and 
the Gulf of Mexico; and Astroscopus 
zepherus, found on the Pacific shores of 
the Isthmus of Panama up into the Gulf 
of California. 

In structure all three* species are so 
much alik€ that very close study is neces- 
sary to distinguish between them. This 
is particularly true of the two Atlantic 
species. Where they overlap in the 
neighborhood of Cape Hatteras it seems 
practically certain that they interbreed, 
and great variation is found. A promi- 
nent external feature of gutiaius is the 
large number of white spots set closely 
together. In Y-graexum the spots are 
larger and less numerous, the size of 
these marks increasing the further south 
it lives. Just north of Hatteras many 
individuals were found in which the 
spotting characters of the skin conflicted 
with some of the structural features. 

The genus Kailietostoma of the same 
family represents a type from which 
Astroscopris as well as some others of the 
family IJranoscopidae undoubtedly are 
descended. Kathetostoma is much like 
the young of Astroscopus in that while it 
has the same form and even the spotted 
back, it has longer spines projecting 
from the posterior angles of its head, a 
primitive character according to Dr. D. 
S. Jordan and other systematists. The 
species of this genus are found in deeper 
water in many warm seas. 

The family Uranoscopidae, of which 
Astroscopus is a member, consists of 
eight genera and twenty-five species. 
Most of them resemble Astroscopus 
strongly in general appearance, and 
Vranoscopus scaber from the Mediter- 
ranean Sea looks so much like it that it 
can safely be used as a sample and 
shown to fishermen , when making in- 
quiries as to Astroscopus. All twenty- 
five of these species* are found in warm 
waters with few exceptions and all pre- 
fer the sand and show an adaptation to 
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it. No other genus, however, as far as 
we know, has gone to the length of de- 
veloping an electric organ as far as the 
writer has been able to examine them. 

In the next, and a closely allied family, 
the Bairachoididae^ we find fishes some 
of which also closely resemble the un- 
usual form of Astroscopus, as the genus 
Porichthys and the genus Opsanus. 
Porichthys has also made much progress 
in the direction of high and unusual 
specialization in an entirely different di- 
rection, however. It has developed a 
multitude of tiny light-producing organs 
on its ventral surface. This is not so 
unusual, however, as the electric organ, 


since over five hundred other species of 
fish and many hundreds of other ani- 
mals in all the animal phyla have done 
the same. 

The above is a brief account of the 
historj’' of one very interesting fish. 
Many gaps, some not noticeable to the 
reader and some not known to the writer, 
still exist in the account. Thousands of 
other form have histories that will well 
repay, in interest and in usefulness, care- 
ful study and okservation, to the natu- 
ralist as well as to the more casual ob- 
server. Many have been thus studied. 
Let us hope that some of these studies 
will bo made complete. 



CHEMICAL MICROSCOPY— TIME AND 
LABOR SAVER 

By Professor E. M. CHAMOT 

CORNELL UNIVERSITY * 


The slogan of the day — ‘‘Bigger and 
Better Business’" — is finding an echo in 
shops and laboratories where it is being 
paraphrased into — “Quicker and Bet- 
ter Service. “ As a result, fewer useless 
routine tests and analyses are being 
made, less valuable time is wasted and 
more easily interpretable data are being 
obtained and submitted for considera- 
tion and study. This does not mean 
that fewer tests and analyses are called 
for, far from it, but it does mean that 
the technician is exercising better judg- 
ment in his efforts to throw light upon 
some definite phase of a given problem. 

It has thus come about that there are 
few chemists to-day who accept a sample 
for analysis without further information 
than “analyze this for me and let me 
have the results as soon as possible.” 
Before he begins his work, he asks, 
“Why is an analysis wanted? Just 
what do you wish to learn concerning 
this substance, and what reasons have 
you for believing that it is a chemical 
analysis that will throw light upon or 
solve your problem?” These questions 
arise whether the chemist is a public 
analyst or whether he is one of the tech- 
nical staff of a large corporation : in the 
latter case is it especially true. 

The cost of reagents, apparatus and 
instruments has markedly advanced in 
recent years; while time and labor have 
greatly increased in value, at least as 
measured in terms of speed and in dol- 
lars. Furthermore, the “overhead” in 
all laboratories has reached figures 
which necessitate a reduction of as 
much as possible of useless routine 
analyses. 


Here is where the intelligent and 
judicious use of the microscope has come 
into play — chemical microscopy — an art 
which to-day enables the analyst to solve 
a large proportion of his problems, with 
a minimum expenditure of energy, time 
and material. Thus it follows that the 
returns on the eapital invested in this 
type of laboratory equipment may prove 
to be relatively much greater than that 
invested in what we may call the custo- 
mary equipment of the laboratory. 

The purpose of this article is to en- 
deavor to make these points clear and to 
convince the skeptical that microscopic 
methods are becoming well established in 
the chemists’ laboratories and that al- 
though their advantages were long over- 
looked their use has become widespread 
and their value fully recognized. 

Microscopic examinations are not 
being adopted for the purpose of dis- 
placing standard chemical analyses but 
for supplementing them or because in- 
formation may often be thus obtained 
which renders chemical analyses super- 
fluous. The following case may be cited 
as a typical example. An archeologist 
brought to a chemist the beautiful coin 
shown in Fig. 1. “Here is an exception- 
ally fine Oreek tetradrachm that has 
been offered to a collector at a remark- 
ably low price. He brought it to me to 
have me pass upon its genuineness* I 
suspect it to be a very clever forgery. 
It has not the normal weight of a tetra- 
drachm nor does it feel quite right. 
Take a ‘ streak-sample ’ and make a 
micro-chemical analysis and see whether 
it is silver or not.” “Suppose we look 
at the coin first ubder the microscope,” 
366 
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answered the chemist. ** Perhaps it may 
not be necessary to have recourse to an 
analysis.” Suiting the action to the 
word, he took one glance; then, turning 
to his friend, exclaimed, “You are quite 
right in your suspicion ; the coin is 
spurious. Look, you can see for your- 
self that the coin has been cast, not 
struck, for the surface shows well- formed 
dentritic crystals, with no evidence of 
having been ‘worked,* as would be the 
case had the coin been struck [see Pig. 
2]. Moreover, the crystallization is 
such as to preclude its being silver, for 
silver does not give dendrites with this 
habit. There is little doubt that we 
have here a base-metal alloy, probably 
one in which tin predominates.** 

Thus by a simple microscopic exami- 
nation the chemist was able to solve the 
problem put to him by the archeologist. 
It required only a few minutes, affected 
the coin in no way and required the ex- 
penditure of no reagents. It should be 
quite obvious that microscopy was, in 
this instance, both a time and labor 
saver. But, the reader will say, an 
analysis of the coin was not really neces- 
sary, since its weight and “feel** 
pointed to tlie fact that it was spurious. 
All of which the writer admits, but the 
reader must remember that the arche- 
ologist had called for a chemical analysis 
so as to learn whether the coin was made 
of silver or of a base-metal alloy in order 
to settle the question as to its abnormal 
weight and “feel,** and that he was 
given this information through a micro- 
scopic examination alone; an examina- 
tion which required a mere glance at the 
magnified image. 

Lest this case of the tetradrachm 
should be believed to be unique it can 
be asserted that there is a growing 
tendency in the industiries to-day to sub- 
mit at once to microscopic examination 
all metals and alloys which have proved 
defective or abnormal or whose composi- 
tions are in question. It is not so many 



Fig. 1. Moderx counterfeits or ancient 

COINS. 



Fig. 2. Hioht.iY magnified surface of tue 

CENTRAL COIN IN FlO. 1. 


years ago that in all such cases a com- 
plete chemical analysis would have first 
been called for as a matter of routine, 
under the belief that the abnormalities 
must be the result of peculiar chemical 
compositions. These analyses were often 
difficult and were time-consuming and 
expensive. Not infrequently upon their 
completion little or no light was thrown 
upon the problem at issue. Physical 
chemistry, the microscope and the py- 
rometer have revolutionized our ideas 
with the result that much time, labor 
and worry are saved by having recourse 
to routine ohemical analyses only after 
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a microscopic examination has failed to 
completely solve the riddle. In the magr- 
nifi^ image of a properly prepared 
alloy the expert is able to read a won- 
drous story. 

But it is not only in the metallurgical 
industries that chemical analysis may 
prove to be unnecessary. It is now well 
recognized that the commercial success 
or failure of many products may depend 
largely upon the results of judicious 
microscopic studies of raw materials as 
well as of finished or partly finished 
products. Those may be as far apart 
as milady ^8 silk hose and the earth of a 
road to be surfaced with tar; or a ‘^baby 
powder ’’ and the pigment or filler enter- 
ing into a rubber tire ; or ore to be sub- 
jected to flotation and rosin for ^ ^ size * ’ ; 
or a detergent or polishing powder and 
an abrasive wheel. Each and all, and 
a thousand and one more are being ex- 
amined, studied and tested microscopi- 
cally in order that qualities may be im- 
proved, production cheapened and sales 
increased. 

Unfortunately, not all our firms have 
as yet come to realize the importance of ^ 
these comparatively new methods, for 
example: a plant working a rock salt 
vein by forcing down water and pump- 
ing up the l)rine obtains a brine con- 
taining much calcium sulphate (gyp- 
sum). It was their custom to remove the 
calcium salt by adding a chemical which 
would precipitate it. There came a time 
when having lost their records and hav- 
ing no knowledge of the proper dosage 
they prepared a batch of salt and sub- 
mitted a sample to a young chemist with 
the request that he determine whether 
or not all the gypsum had been removed 
and whether the product could be placed 
on the market hs table salt. The chemist 
attacked the problem in the old ortho- 
dox manner: he determined the amount 
of chlorin, which he then calculated as 
sodium chlorid, the amount of calcium, 
which he calculated as calcium sulphate; 


the amount of sulphate ion, which he also 
calculated as calcium sulphate. But the 
two values he obtained for calcium sul- 
phate did not agree. Puzzled, he con- 
sulted a more experienced fellow chem- 
ist, who remarked: “Before going over 
your figures let us see what the micro- 
scope will reveal. Look, my friend ! 

Your sample must contain, I guess, not 
far from forty per cent, of gypsum. 

A photo-micrograph of this identical 
sample is showm in Fig. 3. The cubes 
and cubical masses are crystals of 
sodium chloride (common salt), the 
prisms and plates are the crystals of 
calcium sulphate (gypsum). A single 
glance through the microscope showed 
that the dosage had been insufficient and 
also enabled the observer to form an idea 
as to the quantity of impurity, still pres- 
ent. This particular case is cited be- 
cause it illustrates another advantage of 
microscopic methods, namely, that the 
process need not have been carried to 
completion and the salt separated from 
the brine. A small sample taken out 
during a run would have given in a few 
seconds all the information necessary. 
This is by no means an isolated case, but 
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is typical of what is being done more and 
more in the control of many diverse proc- 
esses especially where a time factor 
enters or where it is desired to closely 
follow the progress of a reaction. In 
all such cases it suffices to remove 
small samples from time to time and 
submit them to microscopic examination. 
Where such methods are adopted instead 
of long solubility determinations or com- 
plicated analyses, the saving in time, 
labor and material may be relatively very 
great. 

This does not mean that microscopic 
examinations arc destined to displace or 
supplant the older, well-established, time- 
tried chemical control methods in the in- 
dustries. Microscopic tests and esti- 
mates are often, at best, merely clever 
guesses. Yet they may be, with care, so 
very close to the truth that where an 
estimate oijly is needed and not an exact 
determination, it would be the height of 
folly for the analyst to overlook the eco- 
nomic possibilities of chemical micros- 
copy. 

Not infrequently a microscopic exam- 
ination has shown at once that a precon- 
ceived hypothesis was completely wrong : 
a hypothesis that had been built up to 
explain phenomena or to account for 
low yields or for defects in manufactured 
articles. Here is a case in point. A run 
of smokeless powder was found on analy- 
sis to be too high in its ash content to 
pass inspection. The technical men of 
the powder plant built up a number of 
ingenious but wholly untenable hypoth- 
eses to account for the trouble. Much 
valuable time and money was spent in 
trying to uphold preposterous explana- 
tions which were contrail to common 
sense and mathematics. Had the pow- 
der-ash been examined under the micro- 
scope at once instead of after many days 
of fruitless discussion il would have been 
seen that the excessive ash was due to 
fine silt from dirty, improperly cleaned 
cotton. Of course, the trouble all started 



Fia. 4. Ask of a pyroxyline powder con^ 

TAININn SILT. 

I 

in bad sampling of the raw cotton and 
since the chemist ^s figures were wrong 
no one was convinced until the micro- 
scope revealed the true nature of the 
ash. In Pig. 4 we have a photograph of 
the ash of this rejecte<l powder. The 
silt grains S, S, arc easily differentiated 
from the normal ash P, P, of the pyroxy- 
lin. Were further confirmation deemed 
necessary the absolute identity of the 
minerals in this ash with those of the 
soil clinging to the cotton could very 
easily be proved, nay more the identity 
of the silt in the ash with that in the 
cotton field where the cotton was grown 
could also be established. 

Let us now consider a very different 
sort of problem. The customers of a 
certain firm were approached by a rep- 
resentative of a competitor and told 
that the preparation which he would 
supply them for a certain purpose con- 
sisted of a single organic compound, 

^ while tllat which they had been buying 
consisted as they knew of two different 
compounds. Since his preparation had 
only one ingredient it stood to reason 
that its uniformity could be depended 
upon ; but with two j&ompcments, well I 
they could draw their own conclusions: 
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prices could be made right. The chem- 
ist of the firm originating the prepara- 
tion surmised that the alleged single in- 
gredient material was identical with 
theirs and in reality contained two com- 
pounds. Since the two compounds were 
very closely related substances and their 
identification in a mixture would be diffi- 
cult indeed, he concluded that time and 
labor might be saved by having recourse 
to microscopic methods. He therefore 
laid his problem before a microscopist, 
who at once pointed out that the refrac- 
tive indices of the crystals of the two 
compounds were widely different, no 
matter in what position the crystals 
might chance to lie ; hence by selecting 
a liquid having the same index of re- 
fraction as one of the compounds and 
covering the preparation in question with 
this liquid, that particular compound 
would be practically invisible under the 
microscope while the other compound 
would stand out sharply and clearly. 
Not only could the two be thus easily 
differentiated, but the relative propor- 
tions of the two compounds in the mix- 
ture could be estimated without resort- 
ing to long and difficult analytical meth- 
ods. Moreover, these results could be 
checked by making a second microscopic 
preparation using in this case a liquid 
having an index of refraction equal to 
that of the compound which had not been 
rendered invisible in the first experi- 
ment; under these conditions the second 
component of the mixture would become 
invisible while the first would be clearly 
defined and its amount readily esti- 
mated. That this procedure proved that 
the chemist was correct in his surmise 
the reader can judge for himself by con- 
sulting Fig. 5. This photomicrograph 
shows the material alleged to consist of 
but a single compound after it had been 
covered with alphamonobromnaphtha- 
lene. It will be seen that there are 
present crystals which have been ren- 
dered practically invisible, which have 



Fig. 5. DirFERENTlATINO BETWEEN TWO COM- 
I'OUNDS HAVING DIFFERENT REFRACTIVE INDICES. 


been marked and that there arc 

also crystals which stand out With well- 
defined contours, ‘‘B." It should be 
obvious that we have here proof that 
there arc two compounds present and 
not one only. 

Space will not permit a discussion of 
the methods employed for solving the 
other part of the problem, namely, prov- 
ing the identity of tlie compounds in 
each of the two preparations, the origi- 
nal and the infringing one. Suffice to 
say that it was quickly and easily accom- 
jilished through the determination of the 
optical consents of the crystals of the 
compounds. It has taken as long to tell 
this little story as it does to make the 
tests and observations. 

All these methods are very old and 
have been employed by mineralogists 
and petrologists for many years, but 
only recently has the chemist come to 
fully appreciate their value in qualita- 
tive analysis. By their use he is now 
able to rapidly ascertain the exact com- 
position of most salts and of a great 
number of carbon compounds without 
the necessity of time-consuming quanti- 
tative analyses. Because he now em.* 
ploys only tiny amounts of material. 
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largo samples are no longer essential and 
lie has thus been rid, in large part, of 
his hete noir — the gathering of a suffi- 
ciently large sample to permit him to 
perform an analysis by the good old 
orthodox methods. 

It is not possible to pj*ove by photo- 
graphs or other graphic methods that 
qualitative analysis by micro-chemical 
reactions is far more rapid than by the 
usual macroscopic test-tube reactions. 
The reader must t^ke my word for it. 

Rapidity is gained largely because 
small quantities arc involved under 
relatively high concentrations, condi- 
tions which favor the rapid separation 
of. the crystalline products upon whose 
formation the identification of com- 
pounds depends. 

The space required for performing an 
analysis is very small. In Fig. 6 is 
shown an object slide upon which was 
made the analysis of an alloy corre- 
sponding in composition to that from 
which the coin shown in Pig. 1 was 
probably cast. A tiny fragment the size 
of the head of a small pin was dissolved 
and tested at *^a, ’’ the supernatant 
liquid was decanted to ^ ‘ d ’ ^ divided into 
several small drops, which were all 



Fla. 6. A oOKFLirrB quaiiITatxvb analysis 

FBBFOauXD UPON AN OBJECT BIADB WITHIN AN 
ABEA or ONE SQUARE INCH. 



Fio. 7. Obtaining a sample ron analysis 

BY TUE * ^ STREAK ^ ^ METHOD. 


tested by suitable reagents at “c’' and 
“d.” The photograph of the object 
slide was taken after the completion of 
the analysis. The alloy was found to 
consist of tin, bismuth and lead, with 
traces of copper, zinc and iron. The 
time required was thirty minutes, the 
cost of the material used was not over 
two cents and, as can be seen, the entire 
analysis was performed upon an area 
one inch square. 

When small pieces or drillings may 
not be taken from a specimen for analy- 
sis, that is, it must not be injured in any 
way (as, for example, in the case of rare 
ancient coins, valuable archeological 
specimens, etc. ) , recourse is had to 
streak-sampling which has already been 
referred to above. This is accomplished 
by lightly drawing the specimen across 
the surface of ground-glass, unglazed 
porcelain or sitpilar hard, sfightly rough, 
material. ,A ipinute amount of the 
specimen is thus removed and clings to 
the rough surface, from which it can 
subsequently be removed by means of a 
suitable solvent. In Pig, 7 such a tiny 
streak has been magnified in order that 
it may be clear that such a procedure is 
in reality equivalent to filing off a sam- 
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pie and that an ample quantity of mate- 
rial has been obtained upon which to 
perform an analysis by microscopic 
methods. Unless a moderate magnifica- 
tion is employed, one can not discover 
where the specimen has been sampled 
and even then one can not be sure unless 
one knows beforehand just the precise 
spot which touched the abrading surface. 

When streak-sampling is impractica- 
ble, the analyst removes infinitesimal 
quantities under the microscope, using 
for this purpose a variety of different 
sorts of tiny tools. Yet even in such 
cases it is impossible to detect where or 
how the sampling was accomplished. 
'J'his may be fairly well illustrated by 
Fig. 8, in which is shown the reverse 
of a gold stater from Lampsacus, whose 
authenticity was questioned. The micro- 
scope showed that it was not a simple 
casting but had been either struck or 
hammered. A streak-analysis proved 
that it was of gold of a quality consistent 
with an ancient origin. The patina in 
the depressions in the coin was seen to 
be abnormal and under moderate magni- 
fication liad every appearance of liavinfg 
been applied with a brush. An infini- 
tesimal amount was removed under the 


microscoi)e and on analysis was found to 
consi.st of gum, starch, coloring matter 
(a water color) and a very little fine 
silt; a very cleverly imitated patina. In 
the figure the coin is shown, magnified, 
before and after the removal of sufficient 
‘"patina” for the analysis. The removal 
was made at the spot indicated by the 
white arrow, “R. ” Even a careful 
scrutiny of the two photographs will 
fail to disclose any evidence of sampling. 

The few examples of the efficacy oi‘ 
microscopic methods which have been 
discussed in this article are each typical 
of many analogous cases which have been 
successfully attacked by similar proce- 
dures. They have been selected because 
of their simplicity. Complex qualitative 
analyses are being dealt with more fre- 
quently by more complicated optical- 
crystallographic methods whenever the 
chemists have the necessary training and 
experience. 

The proof that these methods arc re- 
garded as important and e.sscntial is 
evidenced by the establishment of schools 
of microscopy and the announcement of 
one department of chemistry after an- 
other in our universities that instruction 
will be given in micro-chemistry. 



FlO. 8. MODETtN COUNTERrKIT OF AN ANOIENT GOLD STATBR, BEFORE AND AFI'ER ANALYSIS. 
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Fia. 9. Laboratory of Introduoi’Ory Chemical Microscopy, Department of Chemistry, 

Cornell Univei{Sity. 


Cornell University was one of the equipped room shown in Fig. 9, together 
pioneers in this field: as long ago as with three other laboratories devoted to 
1900 courses for undergraduates were special microscopic investigations. Evi- 
offered in microscopic qualitative analy- dently chemical microscopy, the time 
sis. From a small laboratory accommo- and labor savor of the chemist, has come 
dating at first only four students, there to stay in industrial and in research 
has developed the magnificently laboratories, both at home and abroad. 



IRA ^£MSEN 

pBorBsaofi OP chemistry -ik The Johns Hopkins University since its pocnpatioh in 1876 

AND SECOND PKESIDENT OP THE UNIVBRSITT, TltlS PORTRAIT OP 1>R. BeMBEK WAS PAINTED BY UfS 
BON, AT WHOSE HOME IN CALIPORNIA HE DIED ON HAECH 4. 
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‘ ‘ Cheer-up ! Cheer-up ! Cheer-up ! ’ ’ 
The most incurable optimist in the world 
is the robin. He comes shouldering his 
way through the roughest Maivh wind, 
proclaiming obstinately that spring is 
here, and he’ll keep on proclaiming it 
through a whirling snowstonn, or until 
n hailstone big as the proverbial hen’s 
egg hits him on the head. He hasn ’t any 
sense at all, and that’s why wc like him. 
You can’t convince an American, of 
course, that a robin isn’t a robin; but 
actually, as a fine point in ornithology, 
our iv»bin' is a thrush. The early English 
colonists were very fond of the English 
robin, a smaller bird but with a brighter 
breast, and belonging to a somewhat di f- 
ferent family, and when they settled on 
this side of the Atlantic they transferred 
the name to the red-breasted bird they 
found here, regardless of the fact that 
when “the north wind doth blow’’ he 
docs not “hide in a bam to keep himself 
warm’’ but migrates southward below 
the severe frost line. But now our robin 
is a robin to all of us, and we defy any 
one to take away his name as he would 
defy any one to take away his worm. 
How the robin finds worms under the 
ground has been 4 standing riddle to 
naturalists for generations. He certainly 
can’t see them, and it is hardly likely 
that he can smell them’; yet when he 
makes the dirt fly furiously for a minute 
he almost always ends up with a one- 
sided tug of war with a worm. The best 
guess seems to be that his ear is so un- 
believably keen that he can hear the 
faint rasping sound an earthworm makes 
in its burrow. The fact remains that he 
does get it t 
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We are accustomed to treating the 
skunk as a somewhat shady joke; some- 
how everything that has to do with the 
sense of smell seems to be comic to most 
people ; poor Cyrano was the only mortal 
to whom a nose was not funny. So wc 
run when we see a “woods pussy,’’ and 
indulge in persiflage about him after- 
wards. But really, our humor about the 
skunk is somewhat misplaced. He is him- 
self as serious as a Scotchman, and as 
thoroughly given to minding his own 
business and letting other folk mind 
theirs. Only when he is interfered with 
does he unlimber his one potent means of 
defense. That is something not to be 
used for a trifle, because chemical war- 
fare, whether waged by man or beast, is 
expensive. It takes a lot of feeding to 
distil a saeful of mephitic extract. So if 
you let him alone you are in no danger 
from him. And if you let him alone he 
will do you many a good turn without 
your, ever knowing about it. For the 
skunk, like all the rest of his kin of the 
weasel tribe, is a tireless hunter of ver- 
min. Rats and mice and such small deer 
are his principal food, but he does not 
despise succulent beetles and other good 
sized insects that prey upon our crops 
and timber. True, he sometimes forgets 
his manners so far as to rob a henroost, 
and frequently also he pounces on our 
friends the toad and the frog; but the 
evil that he does is more than outbal- 
anced by the good. Finally, skunks 
somehow lose their terror When they de- 
part this life— in a hurry and much 
against their wills-rto become furs for 
milady. Formerly this handsome black- 
and-white pelt had to be sold under vari- 
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ous aliases, but now wc have the courage 
of our desires (if wc have the purchas- 
ing power to back it), and in coat or 
neckpiece we are willing to call a skunk 
a skunk. 

A OENERATiON ago, muskrat furs were 
not held in very high regard ; to-day, 
witli the supply of the more precious pel- 
tries of the Canadian high iiortli becom- 
ing depleted and the Siberian supply 
seriously interfered with by the effects 
of political revolution, muskrat has be- 
come a valuable staple in the fur market. 
So much so, indeed, that muskrat ‘'farm- 
ing’^ is taking its place among our indus- 
tries, along with the farming of the 
highly expensive silver fox and the rig- 
idly protected sealeries of the Pribilof 
Islands. Muskrat farming, however, 
partakes more of the nature of protected 
and systematized trapping on private 
preserves than it docs of the exploitation 
of fairly well domesticated animals like 
the fox. The principal commercial musk- 
rat area is in the vast swamps of the Gulf 
edge of Louisiana, where great private 
holdings of the almost valueless land (if 
it can be called land) are parcelled off 
and leased out or sold to the trappers. 
These men know from experience how 
much trapping a given piece will stand 
without being depleted, and practise con- 
servation of the animals for the benefit 
of their own business. This profitable 
fur-raising industry is coming into em- 
barrassing conflict with the program of 
sanitary engineers working against the 
mosquito pest in the South. The engi- 
neers want to drain the swamps to re- 
lieve the cities and the upland farms of 
the swarms of plaguing, and frequently 
malaria-bearing, mosquitoes. The musk- 
rat farmers naturally want the swamps 
loft alone, for their ^ving depends on 
them. A wtodtw vivendi between the two 
interests is now being sought. 

The early bird may get the worm, 
with our entire approval; but, the early 


fly should get it in the neck. A stitch in 
time saves nine; a swat in time may save 
nine million. Now is the time for all 
good housewives to come to the aid of 
their country with the fly-swatter. Or 
if they can not find it, they should hurry 
to the comer store and got a new one at 
once. The very first flies, the ones that 
have survived the winter furtively hid- 
ing in odd comers in a semi-dormant 
condition, are the ones at which the first 
drive of eradication should be directed. 
It used to be thought that these were 
harmless, but the Department of Agri- 
culture now states that they are capable 
of propagating their evil breed, and 
therefore should be regarded as enemies. 
Of course, the swatter is of avail only 
domestically. The early campaigns for 
the stopping of the fly pest should hunt 
for their source of supply, which is al- 
most solely the manure piles of s+ables, 
and the drive should not be stopped short 
of seeing these clea.nod up, and all un- 
avoidable litter kept in covered pits or 
bins and sprayed with kerosene or 
sprinkled with lime. There is little ex- 
cuse for fly-breeding places in cities any 
longer, with the ever-decreasing urban 
use of horses. On the farm, where live- 
-stock is still a prime necessity, their 
presence may be looked upon as an evil, 
unavoidable perhaps, but none the less 
not to be tolerated beyond the most ir- 
reductible of minima. 

Pretty puBsipa down by Mie bro k, 
Swinjrinif awuy to and fro 
On the bending willow boughs, 

Like pussy cats all in a row I 

If T put you down by tbe flro, 

You piissies so (Miniiing and shy, 

I wonder if you'd turn 
Ilito pussycats bye and byef 

Who does not remember this old song, 
which we all learned daring March of 
'that memorable first year in school t 
Even to the keen regret we all experi- 
enced — and it lingers in most of us still 
— that the little gray catkins held loyally 
to their duties as pussy-cats to the fairy 




' PBESENTATION TO DB. CHEVALIER JACKBON 
Profrsbor Jackson, of the Jefferson Medical GotiLEOE, is receiving from Senator Pepper, 
OP Pennsylvania, the Bok Philadelphia Award for public service, consisting of a gold 
medal and ten thousand dollars. The award was made for Dr. Jackson’s work with 
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folk ? Like many other things that come 
on very early in the spring, when frosts 
still come every night and snow nuiy 
come any week, pussy-willows do seem to 
belong to another world. In a sense they 
do belong to another world, even to the 
cool and factual eye oP science. Their 
season with us is the season of barely 
melting ice; those strange flowers blos- 
som and shed their pollen and achieve 
fertility and form their seeds, all before 
the bees, and the bright-petaled blossoms 
that depend on the bees, are abroad at 
all. Willows can thrive and reproduce 
in a world without insects ; tlie cold wind 
is duenna enough for their love-making. 
A world without insects? Well, such 
a thing obtained, at least locally, fifty or 
a hundred millenniums ago, along the 
edges of the ice slieets of the Glacial 
Epoch. That there were willows there 
then cap hardly be doubted. Willows 
now push their advance to the edges of 
the polar ice cap and to the snow line 
of our high mountains, and willow re- 
mains are thick in the bogs left by the 
retreat of the glaciers. Whatever 
gnomes or kobolda the days of the Long 
Cold knew had at least the comfort of 
little furry tabbies lined on twigs. 

Among the very earliest of showy cul- 
tivated flowers, almost as early as the 
pussy-willow and the skunk cabbage, is 
the eroeus. It hardly waits for the snow 
to melt off the lawn before it pushes its 


sudden bright blossoms up through the 
short, crisp green grass. It seems a bit 
queer to find these big flower-stars scat- 
tered about, with never a leaf to account 
for them. For the leaves mostly come 
only after the flowers have gone, and 
look so much like big grass blades them- 
selves that few of us pay much attention 
to them. The answer is that the flowers 
do not depend on the leaves. Obviously 
they can not, for if they did they would 
constitute a ease of the effect preceding 
the cause. They do depend on leaves, 
but the leaves are the ones that grew last 
year, and formed the starchy conn, the 
thick, onion-shaped storage organ under- 
ground that feeds its substance up into 
the sun-seeking flower. Though com- 
monly called a bulb, this foundation of 
the crocus is not a bulb in the strict sense 
of the word, and therefore it gets an- 
other name. Onions are true bulbs, and 
lilies and tulips, which are closely re- 
lated to onions, also spring from bulbs. 
If you cut an onion in two you will see 
that it is formed of layer upon layer of 
thick, flesliy scales, which are really 
leaves specially modified to store up 
food. But the corm of a crocus does not 
show this layer-arrangement if it is cut. 
It is solid clear through, and the leaves 
are represented only by lines or sears on 
its brown outside. It performs the same 
service, but its build is different, so it 
gets a different title. 


THE BICENTENNIAL OF NEWTON'S DEATH 

The twentieth of March of this year he wau the master of the British Mint, 
is the two hundredth anniversary of the But upon none of tl>esc does his fame 
death of one of the greatest scientific rest. Hundreds of men have equalled or 
men of all time — Sir Isaac Newton. His exceeded Newton in such respects, and 
long life of eighty-five years comprised all have been swept by relentless time 
many different activities. As a young into the limbo of mediocrities, 
man he practised alchemy. He wrote Why is Newton remembered ? Not 
many theological treatises; he was a pro- primarily for his experimental work in 
fessor at the University of Cambridge, optics, important as this is, for a dozen 
and for the last thirty years of his life others have done al^ well. Not because 
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SIE ISAAC NEWTON 


he ^‘discovered gravitation”; that had 
been known since the days of Aristotle. 
Not because he formulated the exact law 
according to which gravitation acts, for 
that appears to have suggested itself to 
at least three of his contemporaries. Not 
that he was the first to conceive the idea 
that the earth’s gravitative attraction 
might reach as far as the moon ; that had 
been imagined before him, though no 
demonstration of it had been given. 

Newton stood head and shoulders 
above his contemporaries because he had 
vision, a broad mental grasp, a good 
sense of perspective. Scientific knowl- 


edge before his day consisted chiefly of 
isolated facts of observation, with little 
or no correlation, and no satisfactory as- 
signed causes. But Newton was able to 
visualize all the moving bodies in the 
universe from comets to falling apples, 
and to demonstrate that they all obeyed 
a single law— universal gravitation. He 
brought order out of chaos ; he had con- 
structive talent; he was a builder, not 
only a collector of building materials. It 
was nearly two hundred years after the 
publication of the “Principia^' before, 
the scientific world saw its like, until 
Darwin, with the “Origin of Species,’^ 


WOOLSTHORP MANOR HOUSE, THE BIRTHPLACE OP IBAAO NEWTON 



THE RESIDENCE OF NEWTON 
St. Martin’s Stkiuct, Liicestbr Fibi<d, 
London 


did for biological science what Newton 
had done for physical science two cen- 
turies eai'lier. Such men are rare, but 
scientific progress would be impossible 
without them. 

llow thoroughly Newton accomplished 
this task is evidenced by the change in 
scientific thought since his day. The 
“Principia” is taken for granted; the 
picture of the universe set forth in it is 
part of our common heritage, almost in- 
nate. Newton succeeded in endowing all 
scientific posterity with a measure of 
that vision and perspective which he 
alone possessed in his day. He said 
modestly of himself; “If I saw farther, 
’twas because I stood on giant shoul- 
ders.” But by the hands of Newton we 
have been lifted and placed upon a peak 
which he himself coiild not reach, from 
which, like Moses of old, we may look 
over the Promised Land, though it may 
be reserved for those who follow us to 

entnr 

This appreciation of Newton’s great 
constructive contribution to modern sci- 
ence has been prepared by Dr. Paul E. 
Heyl, of the U. S. Bureau of Standards. 
For most people Newton’s name is iden- 
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INSCRIPTION ON NEWTON’S TOMB IN WESTMINSTER ABBEY 

Hike Lies 

SIR ISAAC NEWTON, KNIGHT, 

Who by a vigor of mind, almost supernatural, 

First demonstrated 

The motions and figures of the Planets, 

The Paths of the Oombts, and the Tides of the Ocean. 

He diligently investigated 

THE DIFFEttENT REFEANGIBILITIES OF THE RaYS OF LiGHT 

And the pjiopektibs of the Colors to which they give rise. 

An Assiduous, Sagacious, and Faithful Interpretee 
Of Nature, Antiquity, and the Holt Sobipturks, 

He asserted in his Philosophy the Majesty of God. 

And exhibited in his Oonuuct the simplicity of the Gospel. 

Let Mortals rejoice that thssbe has existed such and so great 

An ORNAMENt OF THE HUMAN RACE. 

BORN 25 I?BC., 1042; DIED 20 MARCH, 1727. 
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tified with the theory of gravitation. 
Legend has it that his attention was 
forcibly called to gravitation by the fall 
of an apple upon his head as he rested 
beneath an apple tree. Voltaire is the 
authority for this anecdote and he is said 
to have obtained his information from 
Newton’s favorite niece. But whether 
the apple legend is true or untrue, it is 
a fact that Newton’s thoughts and re- 
searches upon gravitation have changed 
our conceptions of the universe. He 
began his researches when a lad of but 
twenty-four years; in 1665 and 1666 
when the plague had driven him and all 
other students from Cambridge, Newton 
said : “ I was in the prime of my age for 
invention, and minded mathematics and 
philosophy more than at any time 
since.” 

The great Galileo died the year New- 
ton was born and it was his invention of 
the telescope and his planetary observa- 
tions that prepared the way for Newton’s 
discovery. John Kepler, follower of the 
master astronomer, Tycho Brahe, had 
reduced to simple laws the movements 
of the planets, most important of which 
was the fact that they moved in ellipticiil 


orbits around the sun at one of the two 
foci. Why should a planet swing a 
closed orbit around the sun instea^jd of 
shooting off in a straight path? The 
mathematical genius of Newton proved 
that if there existed an attracting force 
between the sun and the earth that 
varied'* inversely proportional to the 
square of the distance between the two 
bodies, the earth would sweep the iden- 
tical orbit around the sun that Kepler 
had observed. Experience with falling 
bodies and the weight of things sug- 
gested that the earth attracts bodies far 
from it just as it attracts a falling stone. 
Again Newton’s calculations proved his 
theory right and the moon was shown to 
be but an immense stone ever falling to- 
ward earth and so kept in its orbit. The 
earthly force of gravity became a heav- 
enly force as well. 

Newton said: ”I do not know what I 
may appear to the world ; but to myself 
I seem to have been only like a boy play- 
ing on the seashore, and diverting myself 
in now and then finding a smoother 
pebble or a prettier shell than ordinary, 
whilst the great ocean of truth lay all 
undiscovered before me.” 
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DID MAN ORIGINATE IN CENTRAL ASIA? 

(MONGOLIA THE NEW WORLD, PART V) 

By Professor WILLIAM K. GREGORY 

AMKltlrAN MUSEUM OF NATURAL HISTORY 


Dr. Wiluam Diller Matthevy^ and 
Professor Henry Fairfield Osborn^ have 
long been the major prophets of the 
Dawn Man in Central Asia. Dr. Roy C. 
Andrews has sought him there with 
much labor but in vain. It has remained 
for Dr.s. J. G. Andersson and O. Zilansky 
to put the Dawn Man firmly on the map 
of China. 

In an anieient (?ave at Chou Kou Tien, 
southwest of Peking, Dr. Andersson, of 
tlic Geologi(ial Survey of China, in 1921 
discovered a rich fossiliferous deposit, 
which was later surveyed, partially ex- 
cavated and described by Dr. Zdansky, 
of the University of Ilpsala. In addition 
to fossil teeth and bones of various mam- 
mals found there, including bats and 
monkeys, there were '*two specimens of 
extraordinary interest, namely, one pre- 
molar and one molar tooth of a species 
which cannot otherwise be named than 
Homo? sp.'’“ ‘‘One of the teeth recov- 
ered,^^ Dr. Black states, ‘^is a right 
upper molar, probably the third, whose 
relatively unworn crown presents char- 
acters. which appeal^ from the photo- 
graphs to be essentially human, . . . . 

Climate and Evolution, Ann. N. Y. 
Acad. Sci., 1915, XXIV, pp. 209-214. 

* In various articles in Asia and Natural 
Eisiory, 

» Black, Davidson, '‘Tertiary Man in Asiai 
Tke Chou Kou Tien Discovery.'' Sdeiuje, Vol. 
I-XIV, Nov, 17, 1926, pp. 686, 587. 


The other tooth is probably a lower ante- 
rior prcmolar, the crown of which is 
“practically unworn and appears in the 
photograph to be essentially bicuspid in 
character, a condition usually to ho cor- 
related with a reduction of tlie upper 
canine.’' As to the age of the deposit 
and of the embedded human teeth, Drs. 
Andersson and Zdansky consider that 
the Chou Kou Tien fauna was possibly 
of Upper Pliocene age, but Dr. Black 
notes that in the light of recent research 
it is possible that the horizon represented 
by this site may be of Lower Pleistocene 
age. “Whether it be of late Tertiary or 
of early Quaternary age, the outstanding 
fact remains that for the first time on 
the Asiatic continent north of the Hima- 
layas, archaic hominid fossil material 
has been recovered, accompanied by com- 
plete and certain geological data. The 
actual presence of early man in eastern 
Asia is therefore now no longer a matter 
of conjecture.” 

Dr. Black further notes that the Chou 
Kou Tien molar would seem to resemble 
in general features a certain fossil molar 
tooth described in 1908 by the eminent 
German paloontologigt, Max Schlosser, 
which tooth had been purchased in a 
Peking drug store/ Prom the nature of 
its fossilixation Schlosser considered the 

♦ The Chinese use gromud-up fossil "dragon 
bones ' ' os medicine". 
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THE ASCENT OF MAN FROM LOWER PRIMATES, AS INFERRED 
BY WILLIAM K. GREGORY, 1924 

Key to^Stages 

1. Primitive primate {Notharciiut osbomi ). Fossil skull and jaw, bIiIghtlt recon- 

structed, OF Eocene Aoe, Wyoming. Original in American Museum of Natural 
History, New York. 

2. Prototypal anthropoid. Reconstruction based on fossil jaw (Propliopithecus hacckcli ) 

OF Olioocene Age, Ecvp'r. Original jaw in Stuttgart Museum, Germany. 

3. Primitive anthropoid, Dryopithecvs sp. Reoon.stbuction. Pr.rAOED hers as a repre- 

sentative OF A WIDE UANOE OF SPECIES, SOME OF WHICH ARE PROBA’BLY NEARER TO THE 
HUMAN BRANLTI AND OTHERS TO THE VARIOUS ANTHROPOIDS. 

4. Tkinil Ape-man. Reconstruction based on #k)SSIl skull-top (Pitheoanthropw erectus ), 

OF Upper Pliocene or (more probably) Lower Pleistocene Age, Java. Original in 
Teylkr Museum, Haarlem, Holland. 

5. Piltdown Man. Rf.construci'ion based on fossil skull and lower jaw (Eoanthropua 

dawsoni)f of Pleistocene Age, England. Original in Brttisu Museum (Naturai^ 
History), London. 

6. Heidelbfjig Man. Reconstruction based on fossil jaw (Homo heidelhdrgenaia ) ^ op 

Lower Pleistocene, Germany. Original in University of Heidelberg, Germany. 

7. Neanderthal Man. Fossil skull and jaw, sijghtly restored, of the Old Stone Age, 

Europe. Originals in Paris Museuai of Natural History. 

8. Cro-Magnon Man. Fossil skull and jaw, suohtly restored, or Late Paleolithic 

Age, France. Originals in Paris Museum. 

9. Austraijan aboriginal. One or the most primitive of existing human races. 

10. Hottentot. Representing the Negroid group of races. 

11. Chinese. Bephesenting the Mongolian group, 

12. American. Representing the Caucasian group, 

A. Gorilla, Africa. B. Chimpanzee, AFRtcA. C. Orang-utan, Borneo. D. Gibbon, Inpia. 
Reconstructions Nos. 1, 3, by Otto pAiiKENBAcii, under direction or William K, Grb^y; 
No. 2, BY Marcei,le Roigneau, under DMcnoN OF J. H, McGregor and Willum K. Gregory; 
Nog. 4, 6, 6, 7, 8, BY J. H. MgGreoor. 
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specimen to be in all probability Ter- 
tiary in age, while from its detailed form 
he felt confident that it belonged either 
to a man or to a man-like anthropoid. 
He pointed out that future investigators 
might expect to find in China a new fos- 
sil anthropoid, Tertiary man or ancient 
Pleistocene man. ‘‘The Chou Kou Tien 
discovery thus constitutes a striking con- 
firmation of that prediction’^ (Black). 

Meanwhile Professor Osborn has on 
various occasions and with much force 
defended Reid Moir’s claims for the 
human manufacture of certain types of 
apparently worked flints found em- 
bedded in strata of Pliocene age along 
the coast of Sussex, P^ngland. This, if 
confirmed by further evidence, dwarfs 
earlier ideas of the vast extent of 
man’s anthjuity. Herodotus says in 
substance that an aged Egyptian priest 
told Solon that the Grtn^ks had'^hardly 
an inkling of real antiquity, that their 
idaas of ancient times were slight in- 
dot‘d compared with the records of 
hoary antiquity known to the priests of 
Egypt. But what were these records, 
what were oven the mythological dynas- 
ties of the Hindus, extending into tens 
of thousands of years, compared with 
the antiquity of the Heidelberg man 
from the first Interglacial period of 
Europe, a matter of several hundreds of^ 
thousands oiryears? And what is that, 
in turn, compared with the antiquity of 
Pliocene man, which may be a million 
years or more! 

To some it may seem almost sacri- 
legious to belittle thus the antiquity of 
the ancient temples of Asia. And what 
does late Pliocene or early Pleistocene 
man of China do to the traditional Eden 
in Mesopotamia of 4000 B. C, ? On the 
other hand, do not such facts, if con- 
firmed, bring ruin on the orthodox scien- 
tific theory of the ori|^ of man from the 
stem of the anthropoid apes? Will they 
not indeed strongly support Professor 
Osborn, who in various publications 


propliesies the discovery of the remote 
ancestors of man in Central Asia, in 
formations of Oligocene or even Eocene 
age, and who, with the confidence born 
of a half century of brilliant paleonto- 
logic researches, also predicts that these 
ancestors will be found to be, not “ape- 
men,” but already upright- walking, 
large-brained Dawn Men of the plains? 

Before attempting to answer these 
questions, let us consider first the great 
expansion of the idea of the earth’s an- 
tiquity that has come even to geologists, 
accustomed as they were to figures of 
inconceivable magnitude. 

A couple of generations ago scientific 
estimates of the age of the earth and of 
the length of time represented by the 
rocks of any of the geologic periods were 
perhaps as inadequate as the Greek 
conception of human antiquity. The 
entire age of the earth was reckoned at 
less tlian a hundred million years, and 
the time from the beginning of the Ter- 
tiary period (the Eocene epoch) was 
estimated as a scant three million years. 
The most widely accepted of these esti- 
mates (by the eminent geologists Dana 
and Walcott) were based on the division 
of the known average rate at which the 
i:rcat river systems of the world are now 
carrying off their upland drainage basins 
and laying down deposits along the 
•s^iores of the continents, into the total 
thickness of sedimentary rocks in the 
geologic column. But then came a suc- 
cession of investigations and discoveries 
indicating that the present rate at which 
rocks are being formed is far too high 
to be taken as an average figure and 
that, on various accounts, the geologic 
column as a whole is vastly longer than 
it was supposed to be. The astronomers 
and geophysicists also were dissatisfied 
with the one hundred million years com- 
puted as the probable age of the earth 
by Lord Kelvin. These calculations 
were based on the thwry of a slowly 
cooling earth but, from the researches of 
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Becquerel, Rutherford, Boltwood, Bar- 
rel!" and others on radioactive minerals, 
there emerged the method of estimating 
the age in years of uranium and thorium 
ores, since the times of their crystalliza- 
tion from molten rock intruded between 
known geologic horizons. It was found 
that uranium gives off fJ and v-rays at 
a constant rate and that it tends to dis- 
integrate or transform from uranium, 
through several intermediate substances, 
including radium, into lead, the alpha 
rays being positively charged atoms of 
helium. It has also been found that the 
rate of disintegration of radium remains 
constant in spite of all efforts to modify 
it by subjecting it to temperatures up 
to 2r)00° C. and pressures up to 160 tons 
per square inch. It is deemed highly 
probable that the parent substance 

5* ^Rhythms and the MeasuremontB of Geo- 
logic Time,” Bull. Geol. Boc. Auier., 1917, Vol. 
28, pp. 745^904. 


uranium is equally unaffected by any 
changes that it would be likely to en- 
counter near the surface of the earth, so 
that its accuracy as a chronometer is 
relatively high. An atom of uranium 
wliich breaks up will ultimately give rise 
as stable products to eight atoms of 
helium and one of lead. In an unaltered 
dense crystalline rock the lead and 
helium also remain unaltered. It is esti- 
mated that a given quantity of uranium 
will disintegrate to half the original 
amount in six billion years.” The ratio 
of the weight of the helium and lead to 
the weight of the uranium in the sample 
will give the main basis for computing 
the age of the rock in years. 

The late Professor Joseph Barrell, of 
Yale University, applying the results of 

6 J llarlon Bretz, in ‘ ‘ Tho Naturo of the 
World and of Man.’^ Univ. Oliicago Press, 
1926, p. 83. 
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T8ERIN, THE MONGOL GUIDE AND HUNTER OF THE EXPEDITION, 

IN THE DUNES AT TSAGAN NOtt. 
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J‘huto{jraiih bj/ AiHvrivnn Muaeum of Natural Uintory 
MERIN THE CAMEL LEADER 

LEADING THE (’AKAVAN ACllOKS THE DUNES OF TSA(JAN NOK IN SEARCH OF WATER. 


the ^‘radium method” to rocks Jrom 
various horizons in the geologic column, 
estimated that the oldest Precambrian 
granites measured were intruded 1,400,- 
000,000 years ago and that the beginning 
of the Tertiary period (the Eocene 
epoch) would have to be set down as 
about sixty millions of years ago. 

It is not to be supposed that geologists 
regard the figures arrived at from the 
^'radium emanation” method as indi- 
cating much more than the general 
orders of magnitude of the successive 
ages. The estimates based on thorium 
ores are somewhat different from those 
based on uranium ores and all the esti- 
mates based on radium emanations are 
far greater than those obtained through 
any of the other methods of estimating 
geologic time. Nevertheless, the doubt- 
ful factors in the equations can perhaps 
never bring the estimates down to the 


scant figures obtained by Lord Kelvin 
and his immediate successors, and even 
the epochs of the Tertiary period may 
each represent millions of years, instead 
of hundreds of thousands, as formerly 
supposed. The Pliocene epoch in recent 
estimates is credited with a duration of 
six million years! Hence if man ex- 
isted as such in the Middle Pliocene, as 
claimed upon strong evidence by Pro- 
fessor Osborn, his antiquity becomes in- 
conceivably vast. 

Our conceptions of the magnitude and 
wonder of nature have also had to ex- 
pand in another direction. A ” genea- 
logical tree,” representing, for instance, 
the evolution of mastodons and ele- 
phants during the Tertiary period, used 
to , be conceived as a comparatively sim- 
ple affair with a moderate number of 
branches and stems and a large but still 
comprehensible number of twigs and 
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Photograph hy American Mnnemn of Natural Hietory 
MR. NELSON MAKING THE PRELIMINARY CLASSIFICATION 
ACCORDING TO FORM 


leaves. Moreover, the branches and 
twij?s used to be represented in the dia- 
grams as moving rather rapidly apart 
from each other and still must be so 
drawn, if the diagram is to be fitted on 
a single page. But many paleontological 
discoveries have proved that modern 
animals, such as the bear, cat, dog, horse, 
elephant, cow, pig, represent whole clus- 
ters of lines that have been separate 
from each other for enormous periods of 
time. Some of the horses, of Pliocene 
times, for instance, were very little dif- 
ferent in structural details from their 
existing relatives and descendants, the 
horses, asses and zebras. The Pliocene 
bears were already established in North 
America and but slightly different from 
some of their modern descendants. 
Again, many of the rodents have 
changed but very little in the same in- 
terval. Such discoveries as these have 
been made so often that not a few verte- 
brate paleontologists have been much 
more active in demolishing the genea- 
logical trees” set up by their predeces- 
sors than in working out new ones, for 


themselves. It has become the fashion 
to exclude almost every known earlier 
form from ancestral relationship to 
every known later form. The ” trees” 
have been broken up into nearly parallel 
lines, converging, if at all, only at infin- 
ity. On the side of classification, species 
are being promoted to genera, genera are 
raised to subfamilies, subfamilies to fam- 
ilies, families to suborders, suborders to 
orders. Finally, in the case of fishes 
there is a well-marked tendency on the 
part of some authors to disregard the 
ordinal divisions and to present almost 
interminable lists of families, species and 
genera unrelieved by larger groups. 
Thus the ruins of the classifications of 
the elders seem at first sight to be deeply 
buried in masses of details. 

However, leaving out of account for 
the moment the possibility that these 
tendencies and viewpoints may represent 
an extreme swing of the pendulum of 
human thought in a certain direction, 
and that the reaction may be even now 
under way, it is not the nature of science 
to remain long buried in its own ruins ; 
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Pia. 1. MAN AND ANTIIUOPOID MOKE NEAREY BEEATED IN TOOTH STRUC- 
TURE TUAN HORSE AND TAPIR 

A, B. Lower molar tooth of fossil Dryopithccm (A) and Eiiringsdorf man (B). 

C, IX Lower molar tooth of tapir (C) and horse (D). 


there is, in fact, distinctly another side 
to the story. Both geologic epochs and 
independent lines of mammalian descent 
are doubtless far more extended in geo- 
logic time than was suspected in the 
time of Huxley. But if, on the one 
hand, the individual epochs and the 
phylogenetic histories have lengthened, 
so, on the other hand, has the record 
lengthened as a whole, and consequently 
the relative lengths of the different 
epochs remain much as they were before. 
At first sight, Pliocene man may seem to 
us a being of inconceivable antiquity, but 
even if, according to the latest estimate, 
he existed as man more than a million 
years ago, he was even then many times 
nearer to us in time than he was to the 
beginnings of the primate stem in the 
Basal Eocene some sixty million years 
ago. 


It may be true, as Professor Osborn 
implies, that the real ancestral home of 
the human family is as far back of the 
Pliocene epoch as that is back of the 
mythical Adam in the Mesopotamian 
paradise, so that proud mortals may 
comfort themselves in the thought that 
for millions of years they have belonged 
to a “superior’^ family of primate mam- 
mals. And by as much as geological 
time lengthens before us, by so much 
increases the apparent power of hered- 
ity to resist the pressure of environment 
and selection and to keep the general 
pattern of all organisms nearly true to 
type, especially in the preservation of 
‘'living fossils,” or conservative forms, 
through vast ages. But there is assur- 
edly a fallacy lurking in the reasoning 
that because the horses and the elephants 
and many other lilammals changed very 
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FIG. 2. ARM AND HAND OF CHIM- 
PANZEE (A) AND VEDDAH (B) 
ArrER Fritz A^’l) Paxil Sarasin. 

slowly during the Pleistocene, Pliocene 
and Miocene, and because Pliocene man 
was (it is assumed) already man, there- 
fore the human family was distinct from 
all others as far back as the families of 
horses, tapirs, etc., were distinct from 
each other, namely, as far back as the 
Olij^occne or even the Eocene. The im- 
plied assumptions that the structural 



FIG. 3. HAND OF TAPIR (A) 
AND HORSE (B) 


evolution of man has proceeded at a con- 
stant, if almost infinitesimal rate, and 
that this rate is roughly the same as in 
the horses, tapirs, elephants, etc., not 
only lacks positive evidence but is cer- 
tainly not in harmony with a great body 
of well-tested evidence from many 
sources. 

In the case of the modern horses, 
tapirs and rhinoceroses — very diverse 
animals whose Lower Eocene ancestors 
were but slightly different from each 
other — ^nothing of the kind is better evi- 
denced than the fact that structural 
evolution has proceeded at very differ- 
ent rates in the different families. The 
tapirs, for instance, after the lapse of all 
the millions of years since the Lower 
Eocene still retain many characters in 
the feet, limbs, backbone and low- 
crowned grinding teeth, which are in- 



DID MAN ORIGINATE IN CENTRAL ASIA? 393 


herited from the very remote common 
ancestors of horses, tapirs and rhinoc- 
eroses, while during the same time the 
horses have undergone far more radical 
changes and retained correspondingly 
fewer primitive characters in these 
structures. Obviously, if rates of evolu- 
tion were uniform in all descendants of 
a common stock there could indeed be no 
science of comparative anatomy, because 
all animals of the present epoch would 
be in the same grade of organization and 
we should not find the conservatives, the 
progressives and the freaks living in the 
same epoch, as we frequently do. More- 
over, it is widely recognized that in a 
given evolutional series certain struc- 
tures, such as the teeth or the feet, may 
undergo far greater changes in a given 
period than other parts, such as the 
reproductive system, whereas in other 
series the teeth may be relatively con- 
servative, even degenerative, while the 
brain may undergo great changes, as in 
the toothed whales. 

The very existence of many indepen- 
dent, slowly divergent phyletic lin(‘s 
within each given family of the titano- 
theres, horses and rhinoceroses — all disr 
tinguished by quantitative or propor- 
tional differences in their several parts — 
as so abundantly documented by Profes- 
sor Osborn in America and by Deperet, 
Stchlin and others in Europe, affords 
definite evidence for the statement that 
during a given period rates of evolution 
are not uniform, even in allied series, 
and this is true whether we are consider- 
ing special parts, such as the molar 
teeth, the feet, the brain or the total 
amount of evolution in the skeleton as a 
whole, as when we compare the skeletons 
of the modern tapir and of the horse 
with that of the primitive Eohippus of 
the Lower Eocene. Hence we are by no 
means warranted in assuming that be- 
cause the common ancestors of other 
divergent families are to be sought at 
Ileast not later than in the Lower Eocene, 


the same will prove true of the human 
family and of its nearest relatives among 
the other primates. 

Even if it be fully proved in the 
future that all Pliocene men were as 
nearly like modern men as the most pro- 
gressive of the Pliocene horses were like 
modern horses, it by no means follows 
that modern man is as far removed in 
relationship from the chimpanzee as the 
horse is from the tapir (Pigs. 1-3). To 
the extent that degrees of structural re- 
semblance or difference may correspond 
with degrees of genetic relationship we 
may affirm that on the whole man is 
much nearer to the chimpanzee and 
gorilla than the horse is to the tapir 
(Figs. 1, 2). In fact, in one of Professor 
Osborn’s “Pliocene Dawn-Men” {Eoarir 
ihropus) the lower molar teeth so far 
as known are almost generically indistin- 
guishable from thase of the Pliocene 
anthropoid DryopithecAis (Pig. 4), and 
the Pleistocene man, Homo neanderthal- 
ensis, retains in his lower and upper 
molars the clearest evidence of his proto- 
anthropoid derivation, in spite of the 
wide divergence in foot structure of 
plains-dwelling man and forest-living 
ape (Pig. 5). 

ir we grant for the moment that the 
structural difference between two diverse 
members of a single group is roughly 
proportional to the time since they 
diverged from each other, then, as the 
structural difference between man and 
chimpanzee is on the whole far less than 
the difference between horse and tapir, 
so the time of separation between man 
and chimpanzee should be far less than 
the time of separation of horse and tapir. 
Therefore the lines of man and the chim- 
panzee should run together at a period 
far latei than the Lower Eocene, which 
is the approximate time of separation of 
the lines leading to horse and tapir. If, 
on the other hand, man and the chim- 
panzee were on separate lines as far back 
as were the horse and the tapir (Lower 
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FIG. 4. LOWER MOLARS (LEFT) OF PILTDOWN HUMAN JAW (A) AND OF 
FOSSIL ANTHROPOID D'RYOTJTBECV S FBICKAE (B) 


Eocene), then the rate of divcrs;ence 
must have been far slower l>etween man 
and anthropoid than between horse and 
tapir. This ajiain is an assumption con- 
trary to present evidence from compara- 
tive anatomy, which indicates a remark- 
ably hif^h range of heritable variability 
and consequent instability, in both 
Iniman and anthropoid stocks, as com- 
pared with the variabilities in tapirs and 
horses. 

Sonntag’s Morphology and Evolu- 
tion of the Apes and Man*’ and similar 
works record a large number of detailed 
anatomical differences between modern 
apes and man, differences which have 
doubtless accumulated during the mil- 
lions of years during which the apes 
have become specialized for arboreal life 
and man for terrestrial life. But along 


with these differences are hundreds of 
peculiar features common to man and 
his nearest relatives, the chimpanzee and 
the gorilla. Since the time of the great 
English anatomist Tyson (1699) it has 
been recognized that the chimpanzee in 
the totality of his anatomical characters 
stands far nearer to man than to the 
lowest existing primates. The laborious 
researches of students of the human 
brain, culminating in the recent work of 
Professor Tilney, reveal the most strik- 
ing unity of plan in the basal architec- 
ture of the brains of gorilla and man. 
And when the evidence afforded by com- 
parative embryology is sought, the rela- 
tively close kinship of man with the 
chimpanzee and gorilla becomes indu- 
bitably clear, as in the recent studies of 
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FIG. 5. FOOT OF ARBOREO^TERRESTBTAL 
GORILLAS AND TERRESTRIAL MAN 
AfTEK ScHUl.TZ 


Professor Adolph H. Sehullz, of Johns 
Hopkins University. 

So many and deep-seated arc the ana- 
tomical and physiological bonds between 
the anthropoid apes and man that Pro- 
fessor H. n. Wilder lias proposed to 
recognize this relationship by referring 
the existing anthropoid apes and man to 
a single ' zoological family, the Homi- 
nidae. In other words, according to the 
viewpoint held by Wilder, Schwalbe, 
Keith, Elliot Smith, Sonntag, Tilney 
and many other recent investigators, in- 
cluding the present writer, tlie existing 
anthropoids an<l man are merely diver- 
gent branches of a primitive anthropoid 
stock, exactly as held by Darwin. To 
deny at this date or to seek to minimize 
the importance of man's close relation- 
ship with the chimpanzee-gorilla stock, 
is to shut one’s eyes to a vast accumula- 
tion of well-tested facts. To attribute to 
parallelism the thousands of resem- 
blances between man and chimpanzee is 
equivalent to saying that no zoological 
classification founded on deep-seated 
anatomical resemblance has any objec- 
tive validity. 

No matter how many millions of years 
ago man and the chimpanzee parted 
company, the anthropoid apes are still 
justly regarded as man’s nearest rela- 
tives among existing mammals and the 
most intensive research has brought 
forth no adequate reason for doubting 



FIG. 0. DIAGRAM OF RADIOGRAPHS OF 
HUMAN FOOT 

Fetal (ninth week, ENLAROEa)) and adult 

HUMAN FOOT. AFTER SCflULTZ. IN THE EARLY 
FETAL STAGE THE FOOT IS PLAINLY SUGGESTIVE 
OF ANTHROPOID DERIVATION. 

that man is an offshoot from the Old 
World Primates and in particular that 
ho represents a highly modified offshoot 
of the anthropoid stem. 

It is true that a few authors have 
failed to grasp this fundamental fact 
and that all sorts of queer tlieories have 
been promulgated, but at the present 
time the ^weight of a great many inde- 
pendent investigations is overwhelm- 
ingly in favor of the view that at one 
time man passed through an arboreal 
stage of life, not remaining there long 
enough to become over-specialized in 
that direction like the existing anthro- 
poids, and that at a later period he came 
down out of the trees, preserving his 
erect arboreal posture and becoming a 
bipedal cursorial animal. 

But what has all this to do with Mon- 
golia and with the question whether man 
originated in Central Asia ? In the first 
place, man, according to the view here 
defended, belongs in the Old World 
division of the higher Primates. Darwin 
with his usual sagacity grasped this 
fundamental truth and argued with 
force that we should not look to the New 
World series for the ancestry of man. 
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The subsequent efforts of Amegliino and 
others to attach man to the platyrrhine 
or New World stem, have only brought 
out the soundness of Darwin’s position. 
Up to the present time all the evidence 
from geographic distribution and from 
paleontology is in favor of the view that 
the “Old World” series arose somewhere 
in the eastern hemisphere. The oldest 
representatives of the Old World series 
so far knowm arc found in the Lower 
Oligoccne of Egypt as primitive forerun- 
ners of the anthropoid apes. The soutli- 
easterly outlying parts of tlie Eastern 
hemisplicre, including New Guinea and 
Australia, are, so far as known, devoid 
of all traces of the anthropoid stock, 
except in so far as man reached lliere in 
relatively late times. As to North 
America, however early man may have 
reached tliere, HesperopiihecAift of the 
Pliocene ,of western Nebraska, if it is an 
anthropoid, may well be an immigrant 
along with certain other mammals, from 
the presumed center of distribution in 
Asia. 

Man is very definitely to be classified, 
according to his anatomic and physio- 
logic characters, as an offshoot of the 
anthropoid stem. Where then is the 
ancestral home of that stock? At pres- 
ent the anthropoid apes are found from 
Borneo and Sumatra on the southeast to 
West Africa on the west, but in former 
ages representatives of the group at dif- 
ferent times penetrated as far west as 
Spain and as far south as South Africa, 
with India as a definitely known area of 
anthropoid radiation in Upper Miocene 
and Ijower Pliocene times. 

According to the conclusions arrived 
at in the studies of flellman and the 
present writer on the dentition of 
Vryopithecus and allied genera, the 
known fossil Indian anthropoids appear 
to be allied rather with the far eastern 
orangs than with the western division, 
which, according to our view, includes 
the gorilla, chimpanzee and man. In 


fact, as it appears to us, the nearest 
approach to human conditions is made 
by Dryopithecus rhenaims of the Plio- 
cene of Europe, rather than by any of 
the Indian anthropoids and, as already 
stated, the lower molars of the Piltdown 
Dawn Man, so far as known, appear to 
be generically close to those of Dryo- 
pithecus. 

But this docs not necessarily indicate 
that the evolution of man took place in 
Europe, as Dr. IlrdliSka'^ holds. Europe, 
Asia and x^arts of Africa have been in 
more or less continuous contact for mil- 
lions of years® and it is a risky thing to 
argue that because Europe has yielded 
some of the most primitive known fossil 
men (Piltdown, Heidelberg, Ehrings- 
dorf) and some of the most man-like 
ax)cs (referred to DryopitJiecus rhe- 
nanus) therefore the transition occurred 
in Europe, especially in view of the evi- 
dent complexity of the migrations and 
counter-migrations of the fossil mam- 
malian faunas between Asia, Europe 
and North America. 

It is equally unwarranted to claim 
that because very ancient and primitive 
members of the man-anthropoid series 
have been found in the Lower Oligoccne 
of Egypt, therefore Africa was the orig- 
inal center, inasmuch as the strictly 
geological record indicates tliat Egypt at 
that time was in broad contact with 
Southern Asia (Grabau and Black, op. 
cit., pi. VI). Such claims should be 
allowed only after a careful and minute 
analysis of the geologic evidence tending 
to show what avenues of distribution 
may have been open, and after an 

7 * * The Peopling of the Earth, ' ' Proc. Amer. 
PhiloB. Boc., ia20, Vol. LXV, No. 3, pp. 150- 
156. ' 

8 Compate the geological evidence summar- 
iaed by Matthew, ‘^Hypothetical Outlines of 
the Continenta in Tertiary Times, * ^ Bull. Amer. 
Mub. Nat Hist., Vol. XXII, pp. 353-383, and 
by Giabau (in Black, Davidson, ^'Asia and the 
Dispersal of the Primates,^' Bull. Geol. Bee. 
China, 1026, Vol. IV, ]No. 2, pp. 133-183). 
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examples op pottery and various types of artifacts made by the dune dwellers of the GOBI 
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equally thorough comparison of the 
given fauna and of its elements with 
those of earlier and later faunas else- 
where. Such an analysis has been made 
by Professor Dart of the conditions 
under which lived the most man-like 
anthropoid, Australopithecus y of South 
Africa. But it may be suspected that 
Australopithecus represents the extreme 
southward thrust of the chimpanzee 
stock after it had separated from man. 

The existence of Pithecanthropus and 
the primitive Wadjak and Australian 
human skulls at points far to the south- 
east of the Asiatic uplands is consistent 
with the view that the center of dispersal 
of the human series was in some rela- 
tively central region. Finally the recent 
discovery of ancient man (of Pleisto- 
cene or Pliocene age) in China tells 
stroflSglyMn the same direction. 

The Central Asiatic expedition should 
therefore be encouraged to search with 
all zeal for evidence of the origin of man 
in Oligocene and Eocene formations of 
Mongolia, but the members of the expe- 
dition should not be downhearted if no 
such traces be found at that very low 
horizon. 

Dr. Black’s masterly synthesis of geo- 
logic, paleontologic and anthropologic 
data leads him to conclude (pp. 174- 
179) that the differentiation of the 
human from the proto-anthropoid stock 
took place in correlation with the slow 
but progressive elevation and desiccation 
of the vast Central Asiatic region. Dur- 
ing the Eocene the land was low and 
covered with semitropical rain forest; 
during the Oligocene the rise of the 
Himalayas was a time of great forests 
like those of parts of moderti Ceylon. In 
Miocene time forests of more northern 
character interspersed with open 
stretches of savannah became prevalent, 
till before its final elevation in the Pleis- 
tocene the region became one of open 
plains and restricted wooded . areas. 
Meantime, Dr. Black points out, these 


changes in the environment would tend 
to increase, if they did not initiate, the 
cleavage between the proto-human and 
the (modern) great anthropoid stocks. 
The latter, a conservative group, were 
characterized by relatively early matur- 
ity of growth and inability to become 
modified with the changing environment. 
They therefore tended to migrate along 
with their own kind of environment and 
scattered remnants of the great forested 
areas. The second or progressive group 
early developed a tendency toward a 
prolonged period of childhood, resulting 
in a retarded maturation of the skull and 
great relative and absolute increase in 
the volume of the cerebrum. By reason 
of the resulting increase in mental capac- 
ity this group became increasingly adap- 
table to the change from forest to open 
country and gave rise near the center of 
its origin to group after group of suc- 
cessively higher types; the older, more 
archaic types being pushed away to the 
periphery, in accordance with the prin- 
ciple developed by W. D. Matthew. 

Finally, Dr. Black, from geologic data 
assembled by Grabau, points the way to 
future exploration in the Yung Ling 
range of the Tibetan Alps as the most 
likely region in which to search for re- 
mains of the more conservative group, 
while he looks to the Tertiary deposits 
of the Tarim region to the north of 
Tibet for possible traces of early mem- 
bers of the plains-living proto-humanoid 
and early human stock. 

Meanwhile considerable progress has 
already been made toward discovering 
the sequence of early human cultures in 
China and Mongolia. Pftre Licent, di- 
rector of the Tientsin Museum, and 
PSre Teilhard de Chardin,* of the Paris 
Museum of Natural History, in 1923 
discovered at Choei-tong-k’eou in the 
vicinity of Ordos, in the great bend of 
the Hoang-ho river, a great quantity of 

0 ''Fossil Man in China and Mongolia,’* 
^atwral History, May^une, Vol, 26, p. 238, 
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Photograph bp courtety of Pdre Teilhard de Chardin 


PALEOLITHIC BEDS OF CHOEI-TONG-K 'EOU 

AT THE TIME OF DISCOVERY. THE HEARTH '' BEGINS AT THE POINT WHERE THE MAN AT THE 

RIGHT TOUCHES THE CLIFF. 


coarse implements of quartzite-worked 
flakes or blades similar to the Mous- 
terian and Aurifj^nacian implements of 
Europe, and small flint implements of 
much finer type. These were found in 
“hearth^' sites buried under at least 
fifty feet of loess formation, and show 
that man inhabited this site at the com- 
mencement of the formation of the loess. 
Bones of the kiang, aurochs, argali 
sheep, gazelle, woolly rhinoceros, hyena 
and ostrich were found on the same 
hearths. In other localities of this re- 
gion Pcires Licent and Teilhard found 
traces of Paleolithic man at a depth of 
some 180 feet below the actual level of 
the steppe. P6re Teilhard concludes 
that the discovery of worked quartzites 
in gravels at the base of the loess at 


Sjara-osso-gol, proves “that Paleolithic 
man lived in China not only during the 
formation of the loess but from its very 
beginning and perhaps even earlier. 
Thus man has steen China without its 
mantle of Yellow Earth, which gives us 
a vivid realization of his antiquity in 
the Par East, Great as it is, however, 
this antiquity is as yet less than the 
known antiquity of man in the West. 
The loess, as we have said, seems to cor- 
respond to the latest stages of the Glacial 
Epoch in Europe and North America. 
If this is true, then man of the Yellow 
Earth is far more recent than, for in- 
stance, man of the gravels of Chelles and 
Saint AchenL'’ 

From later ages, including Mesolithic, 
Neolithic and pre-Mongol horizons, Dr. 
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Nels C. Nelson,'® of Dr. Andrews’ expe- 
dition, has collected a large series of 
flint implements and other cultural re- 
mains in different localities in Mongolia 

10 The Dune Dwellora of tho Gobi/* Nat- 
ural History, May-June, 1926, Vol. 2^6, p. 240. 


and China. In this way the very remote 
past of man in these countries is gradu- 
ally being tied in with later history, the 
geologists and archeologists together 
tracing the rhythmic alternation of more 
arid and more humid climates and their 
effects upon the human populations. 
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WASHINGTON AND liEE \tNIVKHS1TY 


On April 80, 1927, foil tho one hun- 
dred and fiftieth annivitrsary of the 
birth of C^arl Phdedrieh Oauss, the 
miplitiost niathematieian since tlie day 
of Sir Isaac Newton. Indeed, some 
writers have ranked him as the equal of 
the latter, but this question had l>etter 
be left undecided, since Oauss himself 
would be the first to ffive ])lace to New- 
ton, to whom he always aj)plied the 
adjective summus. Oauss has been 
called the ‘‘prince of mathematicians'’ 
and “Archimedes of the nineteenth 
century.” > 

It s(‘ems that Ihe hip^her the j^enius of 
a man, the later does a definitive biof?- 
raphy of him appear, notwithstandiiifr 
the recent flcK)d of biographies. Several 
mono>i;raphs in Oerman have been pub- 
lished, but as yet no definitive bio^fraphy 
of Oauss has afipeared. A committee of 
scholars at the University of Oott ingen 
is still engaged in editing the works of 
this scientist, and in studying notes left 
at his death. In the rooms he formerly 
occupied there has been fitted up a 
Oauss-archive. 

Oebhard Dietrich Gauss was born on 
P'cbruary 18, 1744, and assisted his 
father in business at Brunswick, Ger- 
many. On April 28, 1768, he married 
Dorothea Plmerenzia Warnecken Sol- 
lerich, and to this union, was born one 
son, Johann George Heinrich, on Janu- 
ary 14, 1769. The mother died on 
September 5, 1775, aged thirty years. 
Gebhard Dietrich married (on April 25, 
1776) Dorothea Bentze, the daughter of 
Christopher Bentze, a stone mason in 
Velpke, a small village near Brunswick. 
Their only child, Carl Friedrich Gauss, 
was born on April 30, 1777. 


The house whore this important event 
occurred lias been well preserved. The 
late George Ilieb was largely responsible 
for the establishment of a room in this 
liouso at No. 30 Wilhelmsstras.se (for- 
merly Wendengraben) , where one may 
see all sorts of Gauss relics, such as fur- 
niture, letters, books, photographs of his 
near relatives and many descendants. 

Dorothea Gauss readied the ripe old 
age of ninety-seven and spent the last 
twenty-two years of her life under the 
loving care of her son at the Gottingen 
observatory. Gauss and bis father never 
had any (juarrels, but in his home Geb- 
hard Dietrich was often dominating and 
uncouth. Ho died on April 14, 1808. 

According to Gauss’ own story, his 
mother could not tell him the exact day 
on which he was born : she only knew 
that the birthday fell on Wednesday, 
eight days before Ascension. This cir- 
cunistanee was the occasion of his dis- 
covering the formula by which one can 
reckon the day of the month on which 
Faster falls, for any year. 

He often said that he could count 
before he could talk. Many stories are 
told of his precocity. At the age of 
seven, in 1784, he was sent to school, and 
for two years instructed by Buttner in 
reading and writing, with nothing as 
yet appearing tn distinguish him espe- 
cially from his fellow pupils. However, 
when he readied the arithmetic class he 
soon attracted the attention of Buttner. 

Johann Christian Martin Bartels was 
Buttner ’s assistant, and a young mathe- 
matician of no mean ability. He took a 
great interest in thia promising young 
child, furnished him the necessary books 
and taught him the theory of infinite 
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series and analysis. In 1788, young 
Gauss entered the gymnasium ; here he 
showed great ability in the ancient lan- 
guages. Through Bartels, Privy Coun- 
cillor von Zimmerman informed the 
Duke of Brunswick, Carl Wilhelm 
Ferdinand, in 1791, about the case of 
Gauss, whose father was opposed to the 
continuance of his education, The duke 
resolved to furnish further means for 
the child’s education. 

As a prot^.gfi of the duke, Gauss en- 
tered the Collegium Carolinum in 1792. 
There he learned the modern languages 
and continued his study of the ancient 
languages. Even at his age this youth 
carried on private mathematical re- 
searches during this period. 

In 1795, Gauss entered the University 
of Gottingen, still undecided whether to 


devote his life to mathematics or philol- 
ogy. On March 30, 1796, one event, 
more than any other, enabled him to 
decide this question, viz., the discovery 
of a method of inscribing a regular 
jmlygon of seventeen sides in a circle, 
with straightedge and compasses. Gauss 
always considered this one of his great- 
est discoveries, possibly due to the fact 
that it had escaped the eyes of mathe- 
maticians for two thousand years. The 
complete theory of circle-division and 
primes was elaborated in his immortal 
work, ‘ * Disquisitiones arithmeticae * ’ 
(1801) . This treatise is widely conceded 
to be the greatest piece of human inge- 
nuity since the publication of Newton ^s 
‘‘Principia, The visitor to the park in 
Brunswick to-day can see on the Gauss 
monument there a regular polygon of 
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seventeen sides erif^raved on the base. 
This monument is by Schaper. 

In a letter to Schumacher, Gauss says 
that he had used the method of least 
squares since 1794. One of Gauss ^ stu- 
dent friends was Johann Joseph Anton 
Ido, also from Brunswick; he became 
professor of mathematics at the Univer- 
sity of Mo.njow, and died there in 1806. 
However, his most intimate friend was 
Wolfgang Bolyai, a Hungarian who was 
somewhat older than Gauss. They 
would take long walks together, discuss- 
ing metaphysical views on mathematics. 
A frequent topic of conversation was 
Buclid's axiom of parallels; many 
prominent scientists had made attempts 
to prove this axiom. It latter occurred 
that Bolyai’s son Johann published a 
little volume on non-euclidean geometry. 
Gauss road this, praised it highly, said 
that the contents coincided with his own 
investigations, and declared that he was 
glad to have been anticipated in this 
field by the son of his old friend. The 
correspondence between Bolyai and 
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Gauss continued up to the death of the 
latter. 

On July 16, 1799, Gauss received his 
doctorial degree; the thesis topic. was: 
' ' Demonstratio nova theorematis omnem 
functionem algebraicam rational em in- 
tegram unius variabilis in factores reales 
primi vel sccundi gradus resolvi posse.’' 
This was the first rigorous proof of the 
fundamental theorem of algebra, which 
he had already discovered in October, 
1797. He gave two new proofs in 1815 
and 1816; on July 16, 1849, at the cele- 
bration of his fiftieth anniversary of 
attaining the doctorate, Gauss gave the 
first proof of 1799 in altered form. 

On New Year’s day, 1801, Piazzi in 
Palermo discovered a star of the eighth 
magnitude, which he thought was a new 
comet. Piazzi ’s excellent observations 
showed that this body moved in a circu- 
lar orbit, rather than a parabolic orbit, 
as required for a comet, between Mars 
and Jupiter. The astronomer Olbers, an 
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intimate friend of Gauss, rediseovered 
this planet and informed him about it. 
He at once set to work to calculate tlie 
orbit from the i^ivou data, according to 
Kepler’s laws. Suffice it to say, he 
formulated a method of computing ellip- 
tic orbits, whi(‘]i placed him in the first 
rank of astronomers for all time. This 
asteroid was later named Ceres. In the 
summer of 1H02 he took observations of 
Pallas. The direct outcome of this work 
in astronomy was the publication at 
Hamburg in 1809 of his “Thcoria motus 
coriiorurn coolest iurn in scctionibus 
conieis solem ainbientium. ” For this 
epoch-making work he received the 
Lalande Pri/x‘ of the French Academy 
in 1810. In 1802 the Cziir of Russia had 
attorn fited to .secure Gauss as director of 
the observatory at the Petrograd Acad- 
emy and later efforts were made to 
secure him for Berlin and Vienna, but 
all these overlurcs failed. 

After his return from Gottingen, 
Gauss was a fre(|uent visitor at the home 
of George Carl Ritter in Brunswick. 
Here lie became acquainted with 
Johanna OsthofT in 180.3;, she was the 
daughter of Christian Ernst Osthoff, a 
man of moderate means, proprietor of a 
local tannery. Johanna was the only 
child, born on May 8, 1780, the pride of 
her ])Hrents, spirited, kind, happy and 
gifted with understanding. From the 
very beginning Gauss felt himself at- 
tracted to her, and on July 12, 1804, 
wrote lier the following letter: 

My tnic friend, receive favorably the fact 
that 1 ])()ur out my lioart, in. writing, Ijcfore 
you, at)out an important matter, regarding 
wliicli .T have found no proper opportunity to 
meTition up to tl\o proHent. 

Finally, let me say it from tlic fullness of 
my heart, that 1 have a heart for your silent 
angelic virtues, an eye for the nobie features 
which make your face a true mirror of thfiwe 
virtues. Vou, dear modest soul, are so far re- 
mov(‘(] from all vanity that you yoursfdf do not 
realize your own value; you don’t know how 
richly and kindly heaven has endowed you. 
But my heart knows your worth — 01 more 


than it can bear with repose. For a long time 
it has belonged to you. You won’t repel it? 
Can you give me yours I Dear, can you grasp 
the proffered hand, do it gladly I My happiness 
hangs on the answer to this question. Indeed, 
at present T can 't offer you ricdies or splendor. 
Still, dear, 1 can not have erred as to your 
beautiful soul — you are certainly as indilTereiit 
to riches and splendor as I am. But I have 
more than T need for mysedf alone, enbugh for 
two young people to start a carefree, agreeable 
life, not thinking at all of my prospects for 
the future. The best that I can offer you is a 
true heart full of the warmest love for you. 

Ask yourself, beloved friend, wliethei* this 
heart completely satisfies you, whether you can 
reply just as sincerely to its feelings, whether 
you can contentedly make the journey of life 
hand in liand with me, and decide soon. 

T liave placed before you, darling, the desires 
of my heart in artless, but candid words. 1 
could have done it in entirely different words. 
I could make for you a portrait of your charms, 
wdiich you, although it would b(! nothing more 
than the truth, would have received’ as flattery; 
with Imrning colors I could make for you a pic- 
ture of my lov(^ — to lx; sure, there I would be 
allowed only the expression of my feeling — a 
portrait of the bliss or disconsolation whicli 
await me ever aft(M' you have accepted or re- 
jected my desires. But 1 didn ’t want to do 
that. At least, don ’t mistake the jnireness of 
my unselfish love. 1 don ’t want to brils* your 
decision. In the siiicerest coiicorn of your life 
you must not allow’ any unusual considerations 
to influence you. Vou are not to bring a sacri- 
fice to my happiness. Your own happiness alone 
must guide your decision. Yes, dearest, so 
warmly do I oven love you, that only possession 
of you can make me happy, if you are of the 
same feeling. 

Dearest, I have cxposeJl to you the inner part 
of my heart: passionately and in suspense am I 
waiting for your answer. 

With all my heart, 

Yours, 

C. F. Gauss. 

Brunswick, 12 *7uly, 1804. 

Three months passed before the wooer 
received an answer to this letter. 
Johanna loved Gauss, but through idle 
gossip had heard tlie name of a wealthy 
young lady eonneeted with that of 
Gauss. This report having been cor- 
rected, the two became engaged on No- 
vember 22, 1804; three days later the 
young lover said to a friend, '‘Life 
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stands like an overlastinfi: spring with 
new glittering colors beJorc me.’’ On 
October 9, 1805, ftauss and Johanna 
were married and occui)ied the apart- 
ment he had had as a bachelor at Ritter's 
I louse. 

Tlieir first child, Joseph, was born 
hero on August 21, 1800; there are 
reasons for believing tliat he was his 
lather 's favorite child. Joseiih became 
a Hanoverian artillery oOieer, and later 
visited the Fnited States in the late thir- 
ties, tlien became Oberbaurath and mem- 
ber of the de])urtment of Hanoverian 
railroads and telegraphs, his death oc- 
curring on July 4, 187 J. He married 
Sopliie Erythropel, daughter of a physi- 
cian in Stade, born on January 20, 1818, 
and died on A])ril 6, 1888. One son wa,s^ 
born to tliis union, C'arl August (jausS^" 
A])ril 10, 1849, who married Anna Eb- 
meier, of Stolzenau. Their eldest son, 
Dr. Carl Joseph (lauss, born on October 
29, 1875, is ordcntlicher professor and 
director of the Women ’s-Clinic at the 
Uni\ersity of Wurzburg, Bavaria. He 
is noted for work in the field of X-ray, 
])ainless childbirth and twilight sleep. 
Carl August was the only grandchild of 
the mathematician living in Germany, 
and died at his home in Hamcln on Janu- 
ary 22, 1927; his younger son Wilhelm 
lived at home with him, and his daughter 
is the wife of Judge Noeller in Gum- 
mersbach. 

On Novemlx*r 21, 1807, Gauss and his 
family settled in Gottingen, wliere he 
liad accepted the professorship which 
Was to continue us his (ceupation for the 
remainder of his life. His second child, 
Minna Gauss, was born there on Febru- 
ary 29, 1808. In 1830 she married the 
celebrated Orientalist and theologian, 
George August Heinrich von Ewald; 
they moved to Tubingen, where Ewald 
had accepted a position as professor of 
theology in 1837, and she died there on 
August 12, 1840, leaving no children. 
Her death was a severe blow to her 


father, who loved this daughter deeply; 
Minna is said to have resembled her 
father \ery much in personality. Ewald 
later returned to Gottingen, married the 
second time a Miss Schleiermacher, and 
was survived by her and one daughter, 
his death occurring on May 4, 1875. 

The tliird child of Gauss was born on 
September 10, 1809, named Louis, and 
Frau Jolianna died on October 11. The 
infant died on March 1, 1810, and on 
April 1, Gauss became engaged to Minna 
Waldeck, the second and youngest 
daughter of Councillor Waldeck, a pro- 
fessor in Gottingen University. She had 
been a close friend of Frau Johanna. 
There were three children of this mar- 
riage : 

(1) . Eugene, born on July 29, ]8]1, 
was educated at the University of Got- 
tingen ; he came to America in 1831, en- 
listed in the army, and was sent to Fort 
Snelling, Minne.'^ita. At the expiration 
of his term of enlistment he became con- 
nected with tlie American Fur Com- 
pany, later settling in St. Charles, Mis- 
souri, where he lived for many years. 
His death occurred on July 4, 1896, at 
his farm in Boone County, Missouri. He 
had various business interests, such as 
lumber, flour milling, etc. On February 
14, 1844, be married Henrietta Faweett 
(born on February 3, 1817), whose fam- 
ily had moved to Missouri some years be- 
fore from Rockingham County, Virginia. 
To this union seven children were born, 
three of whom are now living. Henri- 
etta Gauss died in November, 1909. Eu- 
gene Gauss was a Christian gentleman of 
liigli moral eharacter and had intellec- 
tual qualities of a type similar to that of 
his father. 

(2) Carl Wilhelm, bom on October 
23, 1813, in Gottingen ; he came to Amer- 
ica in 1837, and had married Louisa 
Aletta Pallenstein, a niece of the astron- 
omer Friedrich Wilhelm Bessel, shortly 
before sailing from .Germany. He 
stopped at St; Charles for a short time. 
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but moved to Glasgow, Missouri, where 
he engaged in business, later livdng on a 
farm near Brunswick, Missouri, but 
finally locating in St. Louis, in 1855, 
where he engaged in the wholesale mer- 
cantile business up until his death there 
in 1879. He was a very affectionate 
man, generous and possessed of splendid 
spiritual and intellectual powers. Two 
of his sons^arc living at present, one in 
Colorado and one in Missouri, 

(3) Theresa, born on June 19, 1816, 
and died childless on Pebimary 11, 1880; 
after the death of Frau Minna she as- 
sumed charge of the household, and with 
love and tenderness she faithfully cared 
for her father until his death. In 1856 
she married an artist named Constantine 
Staufenaii, with whom she had corre- 
sponded uninterruptedly for fourteen 
years. They lived in Dresden ; Staufenau 
married again after her death, and his 
second wife returned in her will the 
property that had come from the Gauss 
family. 


In 1808 Heinrich Christian Schu- 
macher had come to Gottingen to study 
mathematics and astronomy ; he and 
Gauss became the warmest of friends 
and scientific collaborators, their corre- 
spondence continuing up to Scliu- 
macher’s death in December, 1850. In 
1810 Gerling, Nicolai, Mobius and Encke 
came to Gottingen, which became the 
mathematical mecca .of Europe. Need- 
less to say, the fame of this town has 
rested on the Gauss tradition. He did 
not allow students to take notes in class 
on hii^ lectures, for fear they would lose 
the thread of his argument. These men 
became very fond of their great teacher 
and later distinguished themselves in 
their chosen fields. The students would 
be seated around the large table in 
rather informal style, and Gauss would 
take great care to explain in detail every 
step in the reasoning — something which 
a reader does not always find in his pub- 
lished works. On several occasions he 
complained of lack of ability or of prep- 
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aration in his pupils, but these occasions 
are rare. Perhaps his most celebrated 
pupil was George Friedrich Bernhard 
Riemanri, 1826-1866, the geometer, 
whose paper Gauss chose from the three 
themes submitted in 1854 to be read be- 
fore the Philosophical P'aculty. This 
monograph, ‘'Ueber die Hypothesen 
wclehe der Geometrie zu Grunde liegen,'' 
immortalized Riemann 's name in the dis- 
covery of non-ouclidcan geometry, and, 
indirectly, reflected to the credit of 
Gauss, his teacher, who had been medi- 
tating on the subject for some years, as 
we know from his letters and other evi- 
dence, although he never published any- 
thing on the subject. Biemann suc- 
ceeded Dirichlet (who was Gauss's 
successor) in 1859 as professor of mathe- 
matics at Gottingen, which position he 
held until his death. It is said that 
Gauss often gave his students skillfully 
contrived mnemonic schemes to enable 
them to memorize very involved mathe- 
matical formulae. As for himself, we 
know that his genius had no difficulty in 
such matters, and that he also delighted 
in long, mental or written, arithmetical 
calculations, as did his son Eugene ; both 
exhibited the utmost patience. 

About 1810 Gauss interested himself 
in optics and also dioptrics. His results 
and formulae found practical ap- 
plication after liis time. In 1840 he 
published his ‘'Dioptrische Untersuch- 
ungen,^' and in 1843 he presented before 
the Royal Society of Gottingen, of which 
he was director, his ^ * Dioptrische Stu- 
dien. '’ In 1812 he had published his 
treatise on hypergeometric series, and 
among other achievements placed the 
imaginary on a firm basis. 

In 1818 Gauss was commissioned to 
carry out the trian<pilation of the king- 
dom of Hanover, following similar work 
of his friend Schumacher in Holstein, 
and later for all Denmark, This work 
occupied his time rather extensively 
from 1821 until 1826 and to some extent 


as late as 1848. This fact was lamented 
by some writers who felt that too much 
of his time was taken by trivial and rou- 
tine matters which could have been 
handled by one whose time was not so 
valuable. He was assisted by Major 
Muller and his son Joseph Gauss. The 
science of geodesy reached a new point 
of development through his labors in this 
field. There were also several rather 
concrete results of this undertaking. 
The old geodetic instruments were un- 
satisfactory, and one afternoon (1821) 
while Gauss and his son Eugene were 
walking along, the father, noticing the 
light of the setting sun reflected from 
the window-pane of a distant house, 
thought of the heliotrope; in the simple 
form, this instrument consists of a plane 
mirror 4 '\ 6'" or 8" in diameter, which 
may be rotated about a horizontal or a 
vertical axis. This mirror is at the sta- 
tion to be observed, the sun's rays re- 
flected by it impinging on the distant ob- 
serving telescope. The heliotrope is used 
in geodesy for observing stations that 
are far removed from each other, is 
pleasant to operate, and to the observer 
it appears to be a star of the first or 
second magnitude. 

In July, 1821, Gauss measured with 
this instrument the classic geodetic tri- 
angle; Hohonhagen, Brocken and Insel- 
berg. To-day there is a lofty Gauss- 
tower on the Hohenhagen to commemo- 
rate the work of this scientist. In it 
there is a splendid marble bust of Gauss 
by the late Professor Gustav Eberlein, a 
Gauss-stone or marker which he used in 
his geodetic observations there, and also 
the first heliotrope. It is interesting to 
note that William II, as Kaiser, gave 
4,000 marks toward the building of this 
tower. As final results of the geodetic 
work, we may consider “Disquisitiones 
generales circa superficies curvas" 
(1827) and the two * ‘ AbHandlungen 
fiber Gegenstande ,der hoheren Ge- 
odasie" (1843, 1846). 
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In tho Nummer of 1831 (luasN had be- 
gun to study crystallography, but this 
subject did not make a great aj)peal to 
him, notwithstanding the fact that lie 
made some valuable contributions to the 
science. At a scientific meeting in Ber- 
lin in 1S2S lie hud met the young physi- 
cist, Wilhelm Eduard Weber, who, in 
1831, accepted tlie professorship at Got- 
tingen. Both wore devoted to their own 
subjects, and they cornidemented each 
othcj’. They collaborated in 1833 in pro- 
ducing the electro-magnetic telegraph, 
the signals being given by the deflection 
of a galvanometer needle. The wires ex- 
tended from the observatory to the 
steeple of St. .John’s, and from there to 
Weber’s physics laboratory. The in- 
habitants of Gottingen saw Wilhelm 
Gauss lielj)ing his father and Weber 
string up the wires over the house-tops, 
and upon their learning that it was to 
carry an electrical current, they became 
excited, so that Weber had to write to 


the magistrate to explain the i)urpo.se. 
The line was destroyed b^" lightning in 
1845. It is beyond the projeetod scope 
of this article to describe in detail the 
telegraph which they used, but is suffi- 
cient to say that tliey devised an alpha- 
bet, and could send messages accurately, 
with a speed of about seven or eight 
words a minute, by using an induced 
current. Germany has always been 
proud of these two men for sucli an early 
acliievomenl. Gauss lived to see some of 
the development of telegraphy, and 
always took great pleasure in noting it. 
His system was readily api)licd by Lord 
Kelvin to ocean telegraphy. Tlie last 
letter of Gauss, written to Sir David 
Brewster, was about tlie early telegraph 
It is significant to note that both Gauss 
and Morse attached military importance 
to the telegraph. Tlie former, in a, letter 
to Sclmmacher, mentions the fact that 
the Russian czar miglit transmit liis or- 
ders immediately from Petrograd to 
Odessa; Morse wrote a letter to the new 
republic of Texas, offering the govern- 
ment his recent invention of the tele- 
graph, i)ointing out the military advan- 
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ta^os of suf'h a eontrivanoe. If was, of 
eourso, not a('ce])tc(l. 

(tauss and Weber investif^aled the sei- 
enee of inaKivetisin very tlmrouglily, and 
laid file foundation for the modern study 
of it. Th(‘y formulated fundamental 
laws and tlieories in this field. T\vo 
maj^netie units arc named in their honor. 
Thr()Uja:h their efforts and the efforts of 
Humboldt were established obstu'vatories 
for terrestrial maj^netism. (tauss in- 
vented tlu‘ bifilar maj^netometer which is 
used to measure ehuui^es of horizontal 
force; in tlie mechanical constructions he 
was ably assisted by Joliann von Ijamont, 
a Scotcli Jesuit, then livin^^ in (Germany. 
Uejjular maf?netic observations were 
started in IH.'H; already in 1S33 Gauss 
had ])ublished his “Intensitas vis rnaj?- 
netieae terrestris ad mensuram abso- 
lutam revocata. ’’ To^jether with Weber 
lie published in 1840 an “Atlas des Erd- 
mafjnetismus” ; then came the important 
“Resultate aus den Beobachtun^en des 
mapnetisclien Vereins” (1837-1843). 

On April 18, 1839, Frau Dorothea 
Gauss, the mother of Carl Friedrich, 
died; she liad always been very proud of 
lier only son, and he sliowed the greatest 
affection for her. She had become blind 
several years before death, but this did 
not stoj) her usual activity. Gauss was 
an excellent father to his family ; he 
loved social intercourse and conversa- 
tion; in his home he was always jflad 
wlienever the simple meal was accom- 
panied by some discussion or poetic sub- 
ject. In the family nothing was too 
unimportant; for instance, he kept in a 
note book the dates when his children 
cut their tooth, and he kept a register of 
all the keys to tlic rooms of his observa- 
tory and his home. He was very fond of 
music, especially singing. Whenever he 
heard a beautiful sor^ he would go and 
write it down. Frequently he played 
whist. Ho had a subtle, keen sense of 
humor which might manifest itself in 
friendly satire. In his later days Gauss 


would go daily to the so-called literary 
museum to consult the many newspapers 
there, wlierc he was known as a Tiger for 
Newa. What interested him espc<‘ially 
WHS political and financial news. He 
was always solicitous about the welfare 
of his country, particularly during the 
Revolution of 1848, probably because he 
thought back to bis experiences during 
the Napoleonic wars ; he used to say, 
“Mundus vult decipi.” Gauss knew 
how to invest his money well, unlike 
many men of science, leaving a large es- 
tate at his death. It is said that the czar 
of Russia once offered liim a post as min- 
ister of finance, and also that he once re- 
fused an offer of a title of nobility. He 
never woie any of the many decorations 
which the different governments had 
sliowerecl on him. His daughter Thorevsa, 
in a letter on the celebration of his fifty 
years' doctorial jubilee, bewails the fact 
that none of liis beloved sons could be 
with him on his day of triumph. 

Gauss did not like to travel, and from 
1828 (his trip to Berlin) until his death, 
only onee did he spend a night away 
from the observatory, it being in 1854 
when he attended the opening of a rail- 
road and saw a locomotive for tlic fir.sl 
timt'. 

About 1840 he .studied Sanskrit, but 
only for a short while. He was ac- 
quainted with the modern Euro])cun 
languages and could s])cak many of 
them. In his sixty-second year he ttK)k 
up the study of Russian, and in two 
years he had mastered it completely, 
l>eing able to speak it and to do his cor- 
respondence to Russia in the native 
tongue. He had probabty been urged to 
do this by a desire to read Lobachevsky ’s 
work on non-euclidean geometry in the 
original. He read English often, in his 
laM, days completing Gibbon’s “Decline 
and Fall of the Roman Empire,” and 
the wmrks of Sir Walter Seott, which he 
greatly admired. 

Gauss considered all philosophical 
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ideas as subjective ; he was possessed of 
great religious tolerance, which must 
not be confused with indifference. He 
also held that one is not justified in dis- 
turbing another ’s religious belief, in 
which they find consolation for earthly 
sorrows in time of trouble. The striving 
after truth and righteousness were the 
foundations of Gauss’s religion. He be- 
lieved firmly in the immortality of the 
spiritual individuality, in a personal 
I)ermanence after death, in a last order 
of things, in an eternal, righteous, om- 
niscient and omnipotent God. In his own 
life he exemplified these teacliinga, being 
a man of great generosity, kindness and 
meekness of spirit. His neighbors aj)- 
plied to him the phrase: “Modest and 
simple, hut worthy and strong.” 

Gauss liad excellent healtli, a strong 
constitution, had never been seriously ill, 
but in the, last two years of his life he 
suffered from insomnia and sc^vcral other 
ailments of old age. At last dropsy and 
heart failure develoijcd, and he died on 
February 23, 1855, surrounded by rela- 
tives and friends. On the mt)rning of 
the 26th, amid a large gathering of stu- 
dents, friends, townspeople, relatives 
and officials, his funeral was held ; Sar- 
torius Wolfgang von Waltershausen, his 
close friend, and Ewald, his son-in-law, 
delivered the funeral sermons, and after 
several hymns, including one of Luther’s, 
and the chaplain’s benediction, he was 
laid to rest in the old churchyard near 
the Albanitor in Gbltingen. The one 
word GAUSS is engraved on his tomb- 
stone, which is unpretentious and plain 
— in keeping with the character of the 
noble man, It is a fact interesting to 
psychologists that R. Wagner studied 
the brain of Gauss, and found its weight 
to be 1,492 grams, and the cerebral area 
equal to 219,588 square centimeters, in 
whose highly devolbped convolutions 
perhaps lies the explanation of his 
genius. 

After his death this powerful mathe- 


matician was widely honored. There may 
be mentioned the Schaper monument in 
the park on the Qaussberge in Bruns- 
wick, his birthplace, and the ’ Gauss 
Bridge in that city. Many streets have 
been named for him. In Gottingen, 
there is the Gauss- Weber monument, by 
Professor Hartzer, in honor of their in- 
vention of the telegraph. On the Pots- 
dam bridge in Berlin, beside Siemens, 
Helmholtz and Rontgen, stands a master- 
ful monument of Gauss by Professor 
Janesch, who has also made for the 
Royal Agricultural Ministry in Berlin 
a marble bust of Gauss. Another bust 
is in the Main-Hall (library) of the Uni- 
versity of Gottingen. The ship which 
made the South Polar expedition in 
1901-1903, under Professor von Dri- 
galski, received tlie name Gauss. His 
centenary was widely celebrated in Ger- 
many, many memorial addresses having 
been published on April 30, 1877. At 
the present time, a Festschrift is to be 
published in Brunswick on the occasion 
of the sesquicentennial of his birth. 

After the death of his mother, Gauss 
bad not been in frequent correspondence 
with his brother George Heinrich, who 
early in life had been afflicted with 
severe eye trouble. He had become a 
member of the artillery, which was then 
composed of the children of the upper 
class, more than other branches of the 
army, and so received better treatment. 
Outside the service, which allowed much 
freedom — he had to assist his father in 
his work. Under these circumstances 
there could not be much hope of promo- 
tion, and so after the catastrophe of 
1806, he went back home, to continue his 
father’s gardening and casket-making. 
G^eorg^ Heinrich died in his eighty-sixth 
year, on August 7, 1854, and Carl Fried- 
rich wrote the following rather touching 
letter to his nephew Gebhard : 

I received Hie sad tidings of your letter of 
the eighth with heartfelt sympathy. It was 
grievous for me that for several years I had 
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Tomainod without any news of my brother. As 
long as Professor Goldsehmidt lived, I was 
always in touch with Brunswick, because he was 
aecustojned to journey there twice a year to 
his father who was then still living, and then 
always made inquiry aViout the conditions of my 
brother, and communicated it to me. But Pro- 
fessor Goldschmidt has been dead now for several 
years, just ns nil the fiiends of my youth there. 
It is the lot of humanity, wdien one gets old. I 
am already in my seventy -eighth year, but I 
will not equal my brother, because I have been 
feeling the diminishing of my strength for a 
year. T am unusually glad that 1 must infer 
from your letter that the last years of my 
brother’s life were alleviated, as much as the 
course of events allowed, by the loyal care of 
your mother, to whom I ask you to convey my 
heartfelt condolences and greetings. 

For thirty-three years I have not seen my 
native city, and even then for just one day. 
Now the journey is considerably sliortened by 
the train, because one can come there from here 
via Hildeshoim or Hanover in six or seven 
hours now, and I suppose in one or two years, 
w^hen the side-line is opened, in half the time.. 
Whether 1 will survive until that moment, or 
whether my stNmgth will permit mo to make use 
of the train, in order to see my native city just 
once again, is questionable. But it always re- 
mains my sincere wish that everything may be 
well with you and yours. 

Within six months (^auss himself was 
no Icmger among the living. The follow- 
ing letter of his jibysieian, T)r. Baum, 
who attended him with unremitting care, 
written to Humboldt, is interesting in 
that it gives us a glimpse of the last days 
of the celebrated mathematician : 

GbrriNGEN, May 28, 1855. 

Your Kxcf llf^Tvcy : 

If I had l>eeii obliged to prepare you for the 
sad news before the death of our great matlie* 
mntician, the news, which is now the more tm- 
expected, struck the more painfully for that 
reason: but I was at that time so completely 
claimed by the medical care of the venerable 
man, who in his last months saw only his 
daughter and me around him, l>eBideH the many 
duties of my vocation, that 1 therefore ask for 
iDdulgonce. 

As we wCre talking in the presence of Pro- 
fessor Dirichlet, whom we now call our own 
with happy pride, a great (leal about the last 
conversations of Mr. Gauss, he urged me to 
communicate to Your Excellency that Gauss at 
the last often thought of you, and with much 


love. Your last letter made him especially 
happy and he read It repeatedly and let me read 
it aloud. When he was once taken unawares by 
tint apprehension that a more advniic(*d old age 
might bring to him aggravated complaints, he 
said: ^^theu the thought of my Humboldt con- 
soles me” — an epithet which I have heard him 
apply to no other namiL With joy he l)elieved 
he recognizlKl your hand in the trHn.«lation of 
Arago’s Works, where the numlKU’ of th(»s(* men 
is mentioned to whom a final judgment belongs 
regarding exact experiments: the nuinbcj in the 
original is given at about ten, in the translation 
at about eight: he thought that this diminution, 
w'hich suited him exactly, could have proceeded 
only from Your Excellency. 

The last days of his life were often vt'iy 
painful owing to the aggravated coinplnint of 
dropsy, which the hypertrophy of his heart pro- 
duced — but still he always maintained his free- 
dom and greatness of spirit, the strongest con- 
viction of his personal permanence, the firmest 
hope in the still deeper intelligent insight into 
the uumber-relationshij>s, which God places in 
matter and wdiich he would perhaps" Ik? able to 
recognize in the intensive magnitudes, for he 
used to say 'o Oeo?' (God arith- 

metizes. ) 

Thus he remained consistent up to tin.' end, 
so that even in the last weeks he read through 
the Book mtw Micut not without vexation, 
”for the people would Ik? sjK'aking about 
things, all means of judging which they 
lacked,”: but ho put an end to it nevertheless, 
although he thought it orme made a sleepl(?HS 
night for him. 

Only in the last eighteen hours did conscious- 
ness leave him, only now and tlien did it come 
back for a short time for an utterance of love 
or for a desire — then silently he slex>t away. 

May these few words bo not disagreeable to 
Your Excellency, these wc'irds, which I wrote in 
the most respectful and grateful love, in which 
f remain even to the end 

Your Excellency's most truly devot<?d 

Baum. 

The fpllowing words inscribed under 
the portrait of Gauss in the Munich Mu- 
seum best summarize the work of this 
scientist : 

8ein Qeist drang m die iiefgten Ofdimmnisse dcr 
Zahl, dee Ea<umes, und d&r Natm; 

Er mms den Lauf der OeetWne, die Geetalt wi4 
die Krdfte der Erde; 

Die Bntwiekelung der mathematiscJien Wisaen- 
schafi einea kommenden, JahrhnnderU trug 
cr in sick. 



CRIME AND PUNISHMENT' 

CAUSES AND MECHANISMS OF PREVALENT 

CRIMES 

By the Honorable WILLIAM McADOO 

CIIIEP CITY MAGISTRATE, NEW YORK, N. Y. 


We arc confronted in this country for 
BOine time jiast and at piesent by an 
army of outlaws, youn^r fellows, mostly 
between the ages of sixteen and twenty- 
six. They are the gunmen and those 
who commit crimes of violence, aided by 
pistols, which are as common in the 
Uniled States as lead pencils, and the 
speedy motor cars as the mechanisms of 
prevalent crimes. The larfi:e majority of 
these fellows are lacking in the normal 
emotions of love, sympathy, kindness, 
gratitude, friendship and a sense of civic 
obligation, but on the contrary they are 
cruel, cowardly, heartless, selfish, un- 
grateful and I may add godless and 
dangerous, and above all they are deter- 
mined that they will never do any hon- 
est, continuous work. Living in the 
richest country in the world, in which 
the sum of a million dollars is talked 
about as ten thousand dollars would have 
been some years ago, their idea is to get 
what they call ‘‘easy money by crimi- 
nal methods so that they may not have 
to work and have it to spend on their 
appetites, lusts, passions and vanities, 
for they are immensely vain and prpud 
of their criminal records. The money 
they get by stealing and robbing goes 
mostly to gamblers and women of their 
own type, and the balance is spent reck- 
lessly in a style of living to which they 
ordinarily would not be accustomed. 

Just now the couritf^ is being flooded 
by opinions from all classes of men and 

lAddreiMeis presented before Section K — 
Seeial and Economic Scieneeii, American Aseo* 
eia/tion for the AdTanoement of Science, Phila- 
^Ipkia, December, 1026. 


women as to the reasons for the existence 
of this desperate, cruel and cowardly 
army. They are attempting to answer 
the question, what caused these young 
fellows to adopt deliberately a criminal 
career instead of becoming useful, indus- 
trious ami law-abiding citizens. Some 
of the writers and speakers in the press, 
the forum and the pulpit seem to be- 
lieve that it is from poor economic con- 
ditions. They say that when these 
young men do work they are underpaid 
or they can not find proper employment 
or that the cost of living is so high that 
the salaries they would receive for work 
would not be sufficient to meet their 
wants; that there is not sufficient em- 
ployment for all of them ; that they have 
been educated beyond manual labor and 
they can not find employment as clerks 
and the like, and also that they are not 
permitted to learn trades because of the 
limitations placed upon the number of 
apprentices by the trade unions. 

For many years past, both as police 
commissioner and for sixteen years as 
chief city magistrate superintending the 
work of thirty-seven courts and fifty- 
seven other magistrates, and through 
which courts there pass in the year 
nearly five hundred thousand people as 
defendants, from spitting on the side- 
walk to murder, and having had un- 
usual opportunities for noting condi- 
tions, economic, social, political and re- 
ligious, it is my firm briief that the main 
trouble with these fellows is that they 
will never do, as I have, said before, any 
honest, continuous labor. The great 
majority of them have started out de- 
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liberately with their minds made up 
that they will get easy money by criminal 
methods, and the pistol makes intimida- 
tion and robbery easy and the motor car 
is at hand for a successful escape after 
the crime has been perpetrated. It is 
preferable for them to steal a car and 
use it on a criminal enterprise rather 
than one which may have come into their 
possession legitimately. Unfortunately, 
in most of onr big cities there is a small 
number of taxicab drivers, who bring 
disgrace u})on the rest of that body by 
lending themselves and their car for 
criminal purposes so that they may share 
in the proceeds of successful robbery. 
This has brought about a humiliating 
and astonishing scene here in New York 
and other big American cities, in that 
the money taken from and to banks and 
to industrial concerns is carried about in 
heavily armored cars and protected by 
men armed with pistols. A mere sug- 
gestion of such a change in the method 
of delivering money some years ago 
would have been laughed at as an im- 
practicable and unnecessary means of 
transferring large sums of money. Our 
banks have to be guarded by armed men 
as in time of serious, civil disturbance. 

Recently, as a sample of the times in 
which we live, a man, himself a gambler 
and a bootlegger, went into a place 
where they were playing a game of 
craps or dice-throwing for very large 
sums of money. He won $50,000, which 
was offered to him in cash. With a 
significant look around the room at the 
crowd present he handed it back to the 
dealer and said, “I am not foolish 
enough to undertake to walk out of this 
place with that amount of money. I will 
take a check.'' 

Other writers and speakers are insist- 
ing that these young fellows are the vic- 
tims of heredity and environment, prod- 
ucts of congested tenement houses, pedi- 
gree-marked by elements of physical, 
moral and spiritual decadence, drunken, 
coarse-living, vicious and immoral par- 


ents. Others insist that these soldiers 
of crime are to be sympathized with and 
kindly treated and reformed. 

In this country no young fellow who 
wants to work need go idle, and the 
wages are the highest in the world in all 
classes of employment, so there is no 
economic distress which would force re- 
cruits into this murderous army. It 
may, therefore, I think, be safely con- 
cluded that my assertion that they will 
not work is absolutely grounded in fact. 
They are lazy loafers and will continue 
to be so once they are started on a 
criminal career. They will rob, steal, 
swindle, terrify, sponge on their parents, 
rob their own family, sell narcotic drugs, 
tout for racetrack bookmakers, and in 
some instances and in certain localities 
terrorize and blackmail the whole neigh- 
borhood through fear of them. I am 
sorry to say that I do not think that the 
large majority of them are reformable 
under any conditions. Can psychiatry 
and psychology actually tell us how far 
heredity and environment are respon- 
sible for them? Can we analyze the 
character of a Gerald Chapman, Whitte- 
more and “Bum" Rodgers by ascertain- 
ing their mental ability or lack of it? 
Science can only tell me as to the fd- 
low's head. It will leave me groping in 
the dark as to his character. I want to 
know about his outlbok on life and bis 
personality. How, otherwise, is it that 
of large families, say five or six young 
men, only one will turn out to be a 
“black -sheep"? How is it that the 
other five born in a congested tenement 
house in an undesirable locality, of the 
same parents, do not go wrong and are 
in all respects good citizens. Of course, 
I understand that we all have differei^t 
finger-prints and it is a matter of com- 
mon observation that members of fami- 
lies are different, radically so in tempera- 
ment, spirituality, morality, industry 
and very much so in physical appear- 
ance. 



dinia and pttnishmbni? ui 


1 tiieie new ad- 

«MMik OA the editrary, 1 belieive that 
ih^ dumld be need freely in our courts 
and enstodial institations, and I would 
like to see tiiem able to give us an 
analytical biography of the subject by 
which we could look into the heart of 
the nuui as well as his head. Some of 
the most notorious crooks and crimi- 
nals have been extraordinarily smart 
fellows and I have no doubt would 
pass good mental examinations, but it 
is a peculiar bent of character and per- 
sonality that we should inquire into. 
Possibly the aftermath of the great war 
and the immense wealth of this country 
has something to do with the p^ehologi- 
eal atmosphere, which we might so term 
it, in which these fellows exist and 
which brought them forth. 1 regret to 
say tiiat it is my opinion, from experi- 
ence, that of .the large majority of pick- 
pockets, for instance, who pass through 
the inagistrates* courts, most of them will 
continue picking pockets as long as they 
$n alive. When we give one of them 
sin months in the workhouse, it is with 
the satisfaction that during those months 
he will not be able to pick the handbags 
of hardworking women or the pockets of 
eoaaparatively poor men in public con- 
veyances. When they get out they will 
go im picking pockets again. Giving 
that type of pickpocket and gunman six 
nibnt^ or tix years is simply beneficial 
to the community in keeping b™ from 
etitoinal activities during the period for 
which he has been sentenced. It will 
not reform him, whether he gets six 
ynam,'tweB^ years Or life, nor can we 
nia^ salvage of any very contiderable 
pOro<htage of this type of oriminal. If 
not OsiM firom 5 to 10 per eent. we are 
ittahag eactra<n4ti^^ 

idea for many years past is 
lh#ip Ibis state v^ ^ erentualty have 
great enatodial institntion, 
pother W a itate’s ptioon, 
Om!i^j,''a::|afl':<w a -raformatory, 'Imt 
i|i|e^'lhicting:.ooni^^ 


farms. Shops, ehnrehss, schools and every 
other feature of ntodsm progress. To 
this custodial institntion wiU be oonmdt- 
ted the type of foUowe that 1 am talking 
about. They will be given an indeter- 
minate sentence with a aobetantial mini- 
mum, during which period they will be 
under constant observation of experts, 
experienced men and women, pbyaioiaaa, 
psychologists, payohiatrista, and live 
their lives in a mental, moral and apui- 
tual atmosphere in the hopes that they 
can be reclaimed. They will not be dis- 
charged uiUil they are pronounced, aa it 
were, cured, and the community will 
have the asauranee of those in charge of 
them that they are no loager dangerous 
and a menace, that this young fellow, 
who has been a gunman, and the other 
young fellow, who has been a pickpocket, 
have really been reganersteA remade, 
reclaimed and can be safely turned back 
to the community without danger to it. 

How many of them will be turned 
backt I do not know. As I said be- 
fore, there might be hopes of saving a 
percentage of them. As it is now they 
go in and out of jails,, workhouses, peni- 
tentiaries and state's prisons until they 
get long, criminal police records end the 
very fewest number of them are ever 
shown to have been reformed by the 
deterrent effect of the present treatment. 

We will get nowhere with a sloppy 
sentimentalism on the one hand or a 
mthleas inhumanity on the other. 

My own idea of a prison is that its 
chief use at present is tiiat it keeps the 
dangerous elment of eroedcs, criminals, 
gunman, swindlers and pickpockets from 
praotimag their arts for'tiia time tiiey 
arc in pr^n, and I do pot btihnre tiiat 
they rromd he reforPied or deterred iu 
any way on their rdesse fay tile feet that 
they were subject to ifae faeeeh, cruel 
metiioda tiiat used to preyail fai tiie did- 
f aehioned prisOQs, 

The is tike mipM <idf Atikeri and 
tbsy mm almoet a* plejati^ as pon- 
oUs in thi) eoitii^ efalseDi mid 
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bad citizens possessing them. This is 
the greatest market for the sale of pis- 
tols in the world. In addition to our 
own manufacturers, those imported from 
Europe include the output from factories 
in Spain, whose total output of these 
murderous weapons finds its way to this 
market. 

There are more people shot to death 
or wounded by pistols in the United 
States in one year than in all the rest of 
the world besides. The pistol is not a 
sporting weapon. It is intended to kill 
or maim human beings, or by intimida- 
tion to rob them when in the hands of 
bandits and outlaws. 

There are more armed young fellows 
in the United States between the ages 
of sixteen and twenty-six whose aim is 
to get easy money through the pistol and 
the motor car than in all the rest of the 
world. 

Numerous fortunes are made by the 
mail order agencies and houses selling 
pistols. One man here confessed to the 
police that he had made $400,000 in two 
years sending pistols through the mails. 
Pistols can be bought as cheaply as $5.00 
apiece or less. Down in Texas and some 
other states, the Negroes rent the pistols 
and pay for them on the installment 
plan. They call it “renting a gun“ and 
most of them who go to the penitentiary 
reach there by the pistol route. 

Recently, there were 500,000 people on 
strike in England, and not one shot was 
fired during the whole period of the 
strike which continued for months. Of 
the twenty-two thousand policemen in 
London not one carries a pistol and the 
criminal classes are not armed; hence 
they only had fifteen murders in 1924 
as against a terrible list in all our cities 
and even small towns and villages. 

We have no accurate statistical in- 
formation in the United States as to the 
total number of crimes as given in our 
police department reports for various 
cities, large and small. The London po- 
lice report, under the heading “number 


of crimes known to the police,” gives 
the total number of reported and ascer- 
tained crimes and in the next column the 
total number of arrests, that is, they may 
charge themselves with housebreaking 
and stealing — 1,940 such crimes and only 
158 arrests ; attempts at murder — 23, ar- 
rests 11 ; robbery and assault with intent 
to rob — 42, arrests 36, etc., etc. If this 
rule were followed by the police of all 
our large American ciites we would know 
more than we do now as to the total num- 
ber of crimes. As murders, however, 
can not be concealed we may rightfully 
assume that the official reports give the 
total number, but that does not cover 
murderous assaults and other crimes. 

The pistol manufacturers, dealers, im- 
porters and mail order people are repre- 
sented in all our capitals, both state and 
national, by one of the most efficient, 
best organized and cleverly managed 
lobbies connected with any other busi- 
ness enterprise. They flood the country 
with specious and easily answered argu- 
ments in favor of pistols. Among other 
things, they are constantly reiterating 
that under such laws as the Sullivan Act 
in New York state and other states only 
crooks, murderers, robbers and danger- 
ous criminals can get guns, which of 
course is not true, because any decent, 
orderly citizen, if he shows good cause, 
can get a permit, here in New York to 
carry a pistol or have one in his house, 
and all our banks are thoroughly armed 
with pistol-bearing employees. If this 
statement of the pistol people were true, 
then how do they account for the im- 
mense number of pistols that flood this 
country from end to end T Ascertain the 
number of pistols manufactured in this 
country; estimate the number imported 
eveiy year, and we are asked to believe 
that o^y crooks and dangerous gunmen 
get these guns. Well, if that is true, 
then there must be from 50 to 75 per 
cent, of the whole population of' the 
United States that are outlaws, oriminals 
and dangerous gunmen carrying guxp» 



CRIME AND PUNISHMENT 


419 


because the argument leads us to sup- 
pose that honest, law-abiding people are 
disarmed. 

All the literature and advertising for 
pistols seems to be based upon an as- 
sumption which is purely illusory and 
invented in fact. I assert and I have 
done BO for years past and will continue 
to do so so long as the facts bear it out, 
and that is this, that the pistol as a de- 
fensive weapon is utterly and positively 
useless in the hands of a law-abiding, 
orderly citizen because of the element of 
surprise on the part of the robber, bur- 
glar or assassin. I have been held up, 
and if I had a dozen pistols they would 
have been useless. Time and time again 
bank messengers, loaded with pistols, 
have been shot down by robbers who had 
carefully planned the attack, surprised 
them when they least expected it and 
robbed them. Hundreds of homes have 
been robbed and burglarized where the 
owners had pistols. If I am going to 
hold you up, rob you, burglarize your 
house or assassinate you, 1 wiU have 
planned it all out carefully beforehand ; 
the whole operation would be strategi- 
cally considered; you have gone days, 
months and years without such an attack 
and you will not be expecting it at the 
moment when it is thrust upon you. The 
robbery, the assault and the murder are 
the unlooked-for things. Carrying pis- 
tols or dozens of them is no defense 
against such happenings. 

No one has a constitutional right to 
carry a concealed weapon like a pistol. 
Any citizen can go all over this country, 
including New York state, with a rifle 
on one shoulder and a shotgun on the 
other and there is no law to interfere 
with them. 

I could give tables of various Amer- 
ican cities, such as New York, Boston, 
Chicago, San Francisco, New Orleans, in 
fact all of our cities as against the great 
cities in Europe, and the comparison is 
a national disgrace and humiliating as 
to the shootirig and killing records. 


I would as soon place a full-venomed, 
cobra snake in my house as a loaded re- 
volver. Look at the tragedies in the 
morning newspapers, where husband 
shoots wife, man shoots mistress, one 
child shot the other, frenzied head of the 
family kills the whole family and him- 
self, until all over the country it is 
bang I bang I bang I every hour of the day 
and night. 

It will take some time to educate pub- 
lic opinion, but when it has received 
knowledge of the actual facts, it is my 
belief that the pistol will have to go, 
and I hope to see the time when a person 
possessing, owning or carrying a pistol 
will lose his or her character as a law- 
abiding and respectable citizen. When 
we have convinced people to throw away 
these murderous weapons, we will then 
only have to deal with the armed, dan- 
gerous professional criminal type, and 
if we make the purchase and procure- 
ment difficult or impossible, and the 
police authorities do their duty, the bat- 
tle for law, order and personal and com- 
munal security will have been won. 

There is an excellent bill now pending 
in the New York legislature which will 
reach the pistol at its source, in the fac- 
tory and in the custom house, and when 
I say the factory that also will of course 
include those who make the cartridges. 
Unfortunately, under the federal consti- 
tution a law taxing cartridges, say at 
one or two dollars apiece and only allow- 
ing them to be sold to peace officers in 
the Army and Navy, might be considered 
unconstitutional as an attempt on the 
part of the government to secure police 
powers by way of taxation. A bill tax- 
ing pistols and ammunition for the same 
was introduced a year or two ago by 
Senator Copeland, of New York. The 
bill was drawn by myself and Professor 
Chamberlain, of Columbia UBdversity, 
but under recent decisions of the United 
States Supreme Court the bill seems to 
be open to constitutional objection. I 
say ibis because whenever any good bill 



420 


THE SCIENTIFIC MONTHLY 


appears in any state legislature, the op- 
position very cleverly get up and say 
that it should be postponed and we 
should look only for relief to Washing- 
ton. As a matter of fact an excellent 
bill called the Miller Bill, taking the 
pistols out of the mails, passed by the 
House of Representatives at the last ses- 
sion, has been favorably reported by the 
Committee of Finance in the Senate and 
is now up for action, but every time it 
comes up somebody opposes it, possibly 
in the hope it will go over until the 4th 
of March, thus necessitating its repas- 
sage through both houses before it can 
become a law. Some of the arguments 
used against this bill a few days ago in 
the United States Senate were to the 
effect that the Sullivan Law was in- 
effective here in New York. In reply to 
that I wrote to one of the Washington 
newspapers as follows: 

The Sullivan Law, in ipite of the handicaps 
pointed out in your editorial, is so very effec- 
tive here that if it were repealed the crime 
wave would be immensely increased and the 
police arm of government tremendously handi- 
capped and conditions generaUy would be in- 
expressibly bad. As it is now, and I am quite 
sure Commissioner McLaughlin will agree with 
me, the Sullivan Act is the most powerful 
weapon that the police have In dealing with 
dangerous criminals, of which we in common 
with all other American cities have too many. 

As you say in your editorial we have been 
handicapped by the fact that New Jersey has 
not as stringent a law as that known as the 
Sullivan Act, although that state is fuUy alive 
to the situation and at the last session of their 
legislature amendments were made te the exist- 


ing law In tending to break up what had been 
an open market for pistols on the west bank af 
the Hudson Blver; but most of all we suffer 
from flooding this city with pistols by mail, and 
from here unconscionable rascals send pistole 
all over the country through the mails. 

Since writing the above I saw a state- 
ment in the morning newspaper to the 
effect that the Boston commission inves- 
tigating these crimes attributes the crimi- 
nal actions of these young men to the use 
of ''bootleg” liquor. I do not of course 
know what is happening in Boston, but 
so far as New York is concerned the gun- 
men, the loft burglars and the pickpock- 
ets do not drink alcoholic liquors, cer- 
tainly not to excess and they never have. 
If they were tipplers and drunkards as 
outlined in Boston, their capture would 
be easy and they would not be able to 
carry out the well planned crimes that 
now take place. I repeat again the 
clover criminals are not now and never 
have been drunkards. I believe, how- 
ever, from the facts and data at hand 
that a good many of them are drug ad- 
dicts and under the influence of the drug 
their senses are even more acute than 
when they are without it, in fact I have 
had before me addicts who work in the 
most perilous sort of employment, as 
constructors on huge steel edifices going 
up to forty stories and horse jockeys and 
others who engage in extraordinarily 
hazardous employment and who are con- 
stantly under the influence of narcotic 
drugs while so employed. 


CRIME IN THE COMMERCIAL FIELD 

By Profettor JOSEPH MAYER 

TUFTS COLLBOE 


In these days we hear much from the 
public press regarding a crime wave and 
the establishment of crime commissions 
to look into the matter. ''The responsi- 
bility,” as Qeorge D. Nathan very well 
expresses it in the Amtrican Mercury 
for February, 1926, "has been placed 


upon everything from the late war to 
the modem novel; from Bolshevism to 
bad booze; and from insufficient police 
protection to the automobile and the 
easy means of escape provided by the 
latter.” There can be no question ibet 
there is considerable crime in the eoun^ 
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tty. But the causal factors are quite 
deferent from those ordinarily assessed 
and a long range view of the situation 
from the Civil War period to the present 
day demonstrates that, comparatively 
speaking, there is no more crime now 
than there always has been here. That 
is to say, taking population increase into 
eonsideration and taking into considera- 
tion also the fact that there is a flaring 
up of criminal activity at one time and 
more of a subsidence at another, the pro- 
portion of criminals to population has 
not shown any marked change. The 
fact is that in the United States — a new 
country, a frontier country and a coun- 
try in which police espionage and sys- 
tematic registration of citizens would 
not be tolerated — there has always been 
more crime than in older nations in 
which everybody is under surveillance 
from the time he is bom to the hour of 
his death. 

In the commercial field, however, 
there has recently been in America an 
enormous increase in crime. Here 
again the actual causal factors are other 
than those usually given. In the opin- 
ion of William B. Joyce, chairman of 
the National Surety Company — a man 
who has made a long study of embezzle- 
ment, forgery, stock swindling and in- 
surance and credit frauds— the princi- 
pal cause of the increase in commercial 
crime in this country is the enormous 
increase in the volume of American 
business. Mr. Joyce simply expresses 
the conviction of most authorities. 
Here as elsewhere in the field of crime, 
it is not so much a question of criminal 
types as it is a question of temptation 
and opportunity. 

Let us for a moment consider how vast 
has been the industrial development of 
America in recent years. In the last 
decade the wealth of the United States 
has almost doubled. It is now placed at 
$800,000,000,000. Several details of 
this devdopment may be given as illus- 
trative. Omt of comparative insignifi- 


cance fifty years ago the American 
money market has risen to first place in 
international affairs. Our railroads 
bring in a daily revenue of approxi- 
mately twenty million dollars. Our 
telegraph lines carry seven million mes- 
sages every twenty-four hours. In the 
same period there are seventy-two mil- 
lion telephone calls, $1,500,000,000 in 
bank clearings and six million dollars of 
imports at a single American port of 
entry. All these and other increases in 
the business activities of the nation have 
made possible the operations of commer- 
cial crime on a scale hitherto unheard 
of in the history of the world. Methods 
of protection against dishonesty in 
business have simply not kept pace with 
our industrial expansion. 

That the economic and financial loss 
involved in criminal activities in the 
commercial field is considerable will 
readily be conceded. The exact extent 
of the annual loss can not, of course, be 
accurately computed. However, au- 
thorities are fairly well agreed that a 
figure somewhere between two thousand 
and ten thousand millions represents it. 
If we take the higher figure of this esti- 
mate, our commercial crime cost is three 
times as much as is now appropriated 
each year for the running expenses of 
our government and i*epresents 15 per 
cent, of the total annual national in- 
come. It is just about equal to the sum 
total of the war debts owed to the 
United States as a result of the late war. 
William J. Burns, former bead of the 
Bureau of Investigation of the Depart- 
ment of Justice, and Mr. James E. 
Baum, manager of the protective de- 
partment of the American Bankers 
Association, are practically agreed on 
setting the present yearly loss due to 
commercial crime at something like four 
thousand millions. The foUGwing table 
prepared by Mr, Baum indicates the 
major categories of crime in the business 
field and the annual losses involved. 
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Beoent Annual Loss due to Commercial Crime. 
(Figures for 1924) 

Stock frauds $1,700,000,000 

Tax and insurance frauds 1,000,000,000 

Credit frauds - 400,000,000 

Burglary, larceny, petty thefta 250,000,000 

Bmbezslement 120,000,000 

Seaport robberies and railroad 

thefts - - 125,000,000 

Forgery - 100,000,000 

Arson 50,000,000 

Miscellaneous — 75,000,000 


Total $3,820,000,000 

We have not the time here to develop 
at length the ramifications of each of the 
items on this list. Only a few can be 
touched upon. With respect to the first 
item, namely, stock frauds, in which the 
enormous sum of $1,700,000,000 is in- 
volved each year, there are many inter- 
esting details of operation and law en- 
forcement. Millions upon millions of 
dollars are squandered annually on 
worthless promotion schemes developed 
with deliberate intent to deceive and 
defraud. Oil promotion ventures have 
lent themselves especially to fraudulent 
practices. During the years 1918 and 
1919 the United States Treasury De- 
partment estimated that approximately 
four hundred million dollars worth of 
Liberty Bonds were turned over by 
their holders in return for various 
forms of fraudulent securities. 

Every successful new invention, such 
as the automobile or the radio, is imme- 
diately seized upon by a swarm of 
crooked professional promoters, who 
take advantage of newly aroused public 
interest to unload worthless stock. This 
form of fraud invades every phase of 
business life and thrives on the credu- 
lity of the average person. The outward 
forms adopted by swindlers to camou- 
flage their operations are continually 
changing. One year the public is in- 
duced to sink its savings in new oil wells 
or in foreign exchange trading; another 
year in land speculation, as in Florida 
real estate, or in wildcat mining ven- 
tures, or in security and commodity 


bucket shop operations will be the 
forms in vogue. Stock frauds grow 
stronger each year, nor is there any 
phase of commercial crime which is more 
difficult to handle through established 
law enforcement agencies. Security 
swindlers devise clever methods for cov- 
ering up their operations and the vic- 
tims are often reluctant to make known 
the fact that they have been fleeced. 

Credit frauds represent an interesting 
and complicated category. Under it are 
included the making of false financial 
statements, concealment of assets or 
wrong disposition of assets and the de- 
struction of books of account. Ordi- 
narily three steps in the development of 
such frauds can be traced: (a) Misrep- 
resentation, (b) diversion of assets, (c) 
bankruptcy. Misrepresentation as here 
used takes many forms. For example: 
Concealment of one or more of the asset 
items; under-statement or omission of 
some of the liability items; fraudulent 
use of the name and credit of another 
individual or firm; development of a 
legitimate line of credit for the purpose 
of later obtaining additional credit for 
fraudulent purposes. 

Arson or incendiarism deserves sx>e- 
cial mention because it is a most serious 
menace to society, threatening not only 
property but life itself. It has been esti- 
mated that nearly fiO per cent, of the 
loss by fire is due to arson — ^burning 
property to defraud. During 1924, the 
fire loss given by T. Alfred Fleming, of 
the National Board of Fire Underwriters 
of New York, was approximately $549,- 
000,000, of which $220,000,000 was due 
to incendiarism. 

The crime of arson is largely localized 
in a few cities and in a few sections of 
such cities because of the exceptional op- 
portunities offered by the presence of a 
certain type of broker and public ad- 
juster not found elsewhere. It is one of 
the most difficult crimes to detect, in that 
the evidence is usually destroyed by the 
fire. Arson has become a profession. If 
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ii ehtfely allied to fraudulent bankrupt- 
eiea and other forms of commercial 
Qviwim During the deflation period fol- 
lowings, the war it has shown a marked 
inomai, 

FroWbly the worst arson situation ex- 
those lines of industry that are 
affected hy fashion — clothing, shoes and 
hateh-*-iliarticularly women *s wear. The 
proflt ia these industries is great, pro- 
vided the goods can be sold while in 
style. But if a change in fashion or 
a mieoalculation leaves the goods on 
a numwCacturer’s shelves, the loss is 
equally great, for honest disposition can 
only be made at a price which does not 
pay for cost of materials and labor. A 
fire readily wipes out the old stock, the 
ineuiance company settles the claim, and 
the araen criminal can start in business 
anew« The fire hazard in the New York 
clothing industry is so great that some 
fire insurance companies refuse insur- 
ance tihere. This obviously is an injus- 
tice to the honest business man, but 
under the circumstances it is the only 
oeurae the fire underwriters can pursue. 

The miscellaneous group of the fore- 
going table contains some important sub- 
diviaions such as : counterfeiting of trade 
names used to identify products; using 
or furnishing to others without the own- 
er's consent the names of customers or 
snheeribers; obtaining money or prop- 
ertgr by means of bad checks; giving, 
offgrmg or promising to an agent or em- 
pl^ gratuities, without the knowledge 
and^onsent of his principal, with intent 
to influence his action in relation to his 
eandoyer’s business; and conspiracy by 
two or more persons to defraud another 
of property or prevent another from ex- 
eroising a lawful trade. 

CJpmmercial crime, whether it involves 
tWOf four or ten billions annually in 
tbo United States, is a staggering prob- 
lein-^-one that should compel the se- 
rloiUC attention of every fair-minded citi- 
OBg; Nor have efforts to solve it been 
hMidiig. The federal government, the 


states and private organizations have 
been busy for some time attempting to 
curb the evil, and their efforts have not 
been without some success. In 1922 the 
attorney-general of the United States 
announced that 480 cases of commercial 
fraud were pending in the federal courts 
at the time and that illegal transactions 
involving a daily average of $2,000,000 
were being brought to the bar of justice. 
The Post Office Department, at the be- 
ginning of the Coolidge administration, 
finding that approximately 80 per cent, 
of fraudulent securities were being dis- 
posed of through the mails, began a 
nation-wide campaign to stop the prac- 
tice. The effect has been noteworthy and 
has succeeded in curtailing the opera- 
tions of some notorious rings of crimi- 
nals, as in the recent indictment in Texas 
of ninety-two individuals who during 
five years had cheated two million in- 
vestors out of $140,000,000. Additional 
appropriations are needed to follow up 
this excellent beginning. No more prof- 
itable way could be found for utilizing 
the taxpayers^ money. 

The states have also been busy en- 
deavoring to cope with the problem, some 
forty of them now possessing blue-sky 
legislation, the purpose of which is, as 
the name implies, to prevent the sale of 
patches of the firmament. By providing 
commissions of investigation and Super- 
vision, information regarding legitimate 
ventures and actually regulating the 
issue of securities (as in Illinois), fur- 
ther curtailment of fraudulent opera- 
tions has resulted. 

But there is still little uniformity in 
these laws; at best they attack only one 
form of commercial crime ; swindlers 
quickly ascertain in which states there 
are no such laws or wholly inadequate 
ones and concentrate their eff orta there ; 
and legitimate business haa often been 
interfered with by ill-considered provi- 
sions. In short, only a beginning has 
been made on the part of the states in 
grappling with this elusive problem. 
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Private agencies have also been active. 
The Associated Advertising Clubs of the 
World have been giving widespread pub- 
licity to certain types of fraudulent busi- 
ness practices. The Investment Bankers 
Association, the Better Business Bureau 
of New York and the New York Stock 
Exchange, especially the latter, have in- 
stituted vigorous campaigns against 
financial swindles and bucket shops. 
The Stock Exchange has of late years 
followed a consistent policy in refusing 
the use of its facilities for questionable 
ventures and in encouraging a high busi- 
ness morality among its members. 

Federal, state and private agencies are 
in one way or another endeavoring to 
reduce the activities of the commercial 
criminal, and yet his activities continue 
with little apparent abatement. What 
are the reasons for the inadequacy of at- 
tempted checks t Why are these efforts 
not more effective? The answer falls 
into four categories, the first, already 
mentioned, centering in the fact that the 
expansion of business enterprise has been 
BO rapid in recent years in America that 
it has simply been impossible as yet for 
instrumentalities of crime prevention to 
be perfected to keep pace. The other 
three comprehend the lack of cooperation 
between preventive and corrective agen- 
cies, the crying need of better law en- 
forcement facilities all along the line and 
an appalling lack of interest on the part 
of the average citizen. 

From the standpoint of better coopera- 
tion among corrective agencies, it would 
seem that the time has come for the fed- 
eral government to take drastic action, 
not merely in the Post OflSce Department 
or in the Department of Justice, but 
through some agency with sufi9cient 
funds and experts to give the major part 
of its attention to commercial crime. 
The Federal Trade Commission was or- 
ganized to correct certain questionable 
business practices. Opposition to its ef- 
forts has come from those who do not 
wish their methods to be bared to the 


light of day. There has been tiiSr of 
abolishing the commission. Neverwras it 
more needed than at the present time. 
Furthermore, its powers should be ex- 
tended or another agency created to fer- 
ret out what has already been labelled as 
criminal in commercial dealings. Sadi 
a federal bureau, in cooperation with the 
states, private agencies and the ocmrts, 
should go far to bring the commercial 
crime situation under control. 

As for law enforcement, Oladetone 
long ago said that “the object of gov- 
ernment should be to make it eaqy to do 
right and hard to do wrong.’’ Where, 
despite the law, it is easy to do wrong 
and evade punishment because of in- 
adequate enforcement machinery, Utfle 
progress in crime prevention is to be ex- 
pected. As far back as 1908, Chief Jus- 
tice Taft, in an address before the Civic 
Forum of New York City, said : 

The administration of criminal law in this 
country is a disgrace to our civilization. The 
prevalence of crime and fraud, which here is 
greatly in excess of that in European eotmtries, 
is due largely to the failure of the law and Us 
administration to bring criminals to jostiee. 
As murders are on the increase, so are all of- 
fenses of the felony class; and there can be so 
doubt that they will continue to increase snleBe 
the criminal laws are enforced with more cer- 
tainty, more uniformity, and more severity this 
they are now. 

What was true in 1908 in this respect 
is even more true to-day. Law enfom- 
ment in the United States is in many re- 
spects an absolute farce. And that ccsi- 
dition has existed long before and still 
exists quite apart from the Volstead Act. 
Court delays and postponements encour- 
age crime. “Because sentence agaixist 
evil work is not executed speedily/*' 
warned the Old Testament propb^ 
“therefore the heart of the sons of am 
is fully set in them to do wrong.” IRie 
lapse of many centuries has not changed 
in one iota the truth of that statement. 

Laxity in law enforcement is refleolad 
by the public attitude. A wider respebt 
for law on the part of the average eltt* 
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soenieis a crying need. Better law enforce- 
ment and a higher moral tone must be 
developed hand in hand. In fact, F. 
TmUe Davison, chairman of the Na- 
tional Crime Commission, maintains that 
‘‘when public opinion becomes sufS- 
ciently^ aroused, the drive against crime 
will become effective.” The commission 
has dedicated itself ‘‘to stimulate public 
interest and action in the restoration of 
respect for the authority of the state, in 
the performance of its fundamental duty 
of protecting the persons and property 
of its citizens.” As yet the effect upon 
public opinion has not been encouraging. 
Instead of more introspection, the result 
has been in the main a denunciation of 
exceptionally daring or notorious crimi- 
nals and the working up of a crime- 
wave scare. What is necessary is a look- 
ing inward on the part of every resident 
of this country, man, woman and child, 
and a high resolve — at a time of the year 
when resolves are in order — that each 
one will himself be more punctilious in 
his obedience to law and will frown 
upon law violations by others. When 
once the conviction becomes general that 
the man who endangers the lives of 
others by deliberately violating traffic 
regulations or makes it possible for boot- 
leggers to flourish is just as bad at heart 
BA tile man who deliberately sets fire to 
his place of business or sells you worth- 
less securities, there will be less commer- 
cial crime, for the moral fiber of the 
people will then be strong enough effec- 
tively to resist it. 

Nor is this the millennium to which 
I am pointing. The American citizen 
has in many respects already shown 
hitiioelf capable of scrupulous adherence 
to moral principle. Our intricate credit 
fltameture is based upon confidence and 
good faith. Here we have, together with 
Biigland, forged far ahead of other na- 
tisim Most American business men 
gppreeiate the sanctity of contracts and 


the importance of honesty in business 
dealings. What is needed to raise the 
moral tone of America is simply a fur- 
ther extension of these habits. We live 
in an age that demands this. In the 
complicated economic organization in 
which we find ourselves, we must place 
confidence in our fellows. No one can 
possess a knowledge of all the facts upon 
which his economic welfare depends. 
He must rely upon others. The danger 
of being victimized is therefore always 
present. Lack of respect for laws which 
aim to protect us in our complex social 
and business relations is a serious men- 
ace. Commercial crime, unless brought 
under control by adequate federal and 
state action, proper enforcement of law 
and high moral resolve on the part of 
every citizen will in the end destroy 
our civilization. The fraudulent acqui- 
sition of from two to ten thousand mil- 
lion dollars annually represents only the 
financial side of the situation, bad as 
that is. But the moral and social decay 
which this colossal flaunting of law and 
integrity implies strikes at the very heart 
of our democracy. If a people can not 
respect and obey the laws of their own 
making, possibly Lenin and Mussolini 
are right. Will government of and by 
the people perish from the earth when 
our continent becomes as densely popu- 
lated as Europe and Asia are now and 
the Malthusian pressure begins to be 
cumulatively felt here also 7 Democ- 
racy is still on trial despite America’s 
vaunted prosperity. It will be on trial 
until our people show themselves sports- 
men enough to abide by majority de- 
cisions, ethical enough to do habitually 
unto others as they would be done by, 
and intelligent and vigilant enough to 
realize that law infractions, no matter 
how trivial, and condonation of evil-do- 
ing must be vigorously combatted by 
everyone if our institutions are to 
survive. 
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LOCAL CRIME COMMISSIONS; THEIR ORIGIN, 
PURPOSE AND ACCOMPLISHMENTS 

By JAMES M. HEPBRON 

BALTZMOBE, MABYIiAKD 


Interest in crime and criminals is not 
new. The criminal and his deeds have 
excited popular interest throughout the 
ages. Folk-lore, poetry, fiction and the 
drama have had as their theme some 
crime or the extraordinary conduct of a 
criminal. This interest, no doubt, is ex- 
plained to a considerable extent by our 
interest in the unusual. 

In modem times there has been a 
growing tendency on the part of the 
public, the press and fiction writers to 
make heroes of criminals and to depict 
them as being hounded by the police and 
subjected to brutal and inhuman treat- 
ment in the form of the so-called ^Hhird 
degree." Stories of innocent people un- 
justly convicted are given widespread 
publicity and from one such particular 
case (if true) the public generalizes. 
The public attitude slowly changed to 
one of sporting interest in the criminal. 
Serious crime increased. The public 
became more apathetic than ever. En- 
couraged by success criminals became 
bolder until to-day in at least one Amer- 
ican city we have the spectacle of battles 
being waged between organized gangs of 
bandits and rival bands. The police and 
other law enforcement officers, or in 
fact any one standing in their way, are 
looked upon as a common enemy. 

The average citizen, at last feeling his 
own sense of personal security endan- 
gered, began to demand that something 
be done to check the criminal element. 
Bonding and insurance company rates 
by this time had reached a new high 
level. Their tabulation of yearly losses 
reached staggering sums and those losses 
were naturally passed on to the public 
in the form of increased premiums. 
Suddenly the question of crime and the 


administration of criminal justioe 
came a question of vital importance Jind 
of frequent discussion by business, civic 
and professional organizations, l^e 
press by this time was filled with diacm- 
sions of "the crime problem," "law en- 
forcement," "miscarriage of juetioe" 
and "abuse of legal process." 

Attention was called to the fact that 
America is an acknowledged leader in 
other fields, such as medicine, buauiesa 
administration, engineering and Hbud 
technical arts; why, then, had America 
not made similar progress with a prob- 
lem of equally vital interest to society, 
the efficient administration of criminal 
justice? 

Once public opinion had been arooaed 
to the growing danger of unchcdbed 
criminality, all that was necessary to 
bring about some form of concerted poib- 
lie action in a given community was a 
particularly atrocious crime which 
caused an overwhelming feeling of pop- 
ular resentment. The Chicago Qrimc 
Commission was the outgrowth of just 
such a situation in 1919. 

The Cleveland Association for Crimi- 
nal Justice came into being in a similar 
way a short time later. The organim- 
tion of this association, however, diffmad 
in that it was preceded by a most thor- 
ough and painstaking survey of the 
administration of criminal justice m 
Cleveland, which was directed by Dean 
Pound and Felix Frankfurter, of Har- 
vard University. The published report 
of this survey is too well known to need 
comment. 

Baltimore late in 1922 was the neat 
city to organize a crime eommiaskoa. 
The creation of the Missouri Assoeialte. 
for Criminal Justice followed some 
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later and was the first association organ- 
ised on a state-wide basis. The complete 
survey made by this association has now 
been published in book form by the Mac- 
millan Company. It is the most thor- 
ough and comprehensive study yet un- 
dertaken on a state-wide plan. 

In the summer of 1925 the National 
Crime Commission was organized and 
proposed to give its major efforts to the 
task of urging states to attack the prob- 
lem of major crimes of violence in an 
intelligent manner and offers its services 
as a clearing house of information for 
the use of state and local commissions. 

At the present time there are already 
in existence nine citizens’ organizations 
(exclusive of the National Crime Com- 
mission) combatting crime. In addition 
seven state legislatures and governors 
have acted to control the increase in 
crime and eleven state bar associations 
have inaugurated advance movements to 
decrease crime. 

Let us then next consider how these 
local crime commissions are organized, 
what they do and what they hope to ac- 
complish. Inasmuch as the Baltimore 
Criminal Justice Commission is more or 
less typical of the local crime commissions 
and since I am naturally more familiar 
with its organization azid work, my re- 
marks will deal more particularly with 
this commission. It is first of all an un- 
official organization composed of twenty- 
one of the business, professional and 
civic organizations of Baltimore. It was 
organized by the Board of Trade, fol- 
lowing a particularly atrocious murder, 
];)erpetrated during a daylight hold-up 
and robbery. This crime aroused and 
shocked Baltimore’s citizenry as no sin- 
gle event before or since that time, with 
the possible exception of the Baltimore 
fire in 1904. The people of Baltimore 
were a unit in demanding the prompt 
capture, speedy trial and conviction of 
the guilty felons. 

The well-organized criminal element 
of the city, laced for the first time with 


a thoroughly aroused public, began 
tightening its line of defense. Unscru- 
pulous criminal lawyers, alibi, false affi- 
davit and tip-off men, professional 
bondsmen and even corrupt members of 
the police department were hard at 
work. 

Several important things happened in 
quick succession. A carefully planned 
scheme to thwart the police in the appre- 
hension of the murderers was discovered 
and as a result Baltimore’s most notori- 
ous criminal lawyer was convicted of 
conspiracy to obstruct justice and dis- 
barred. Certain police officials rather 
closely identified with him were re- 
moved. An extra criminal court was 
opened and the task of clearing a much 
clogged docket was begun. Several pro- 
fessional bondsmen were convicted of 
perjury, following which certain new 
rules regarding the granting of bail were 
put into effect and rigidly enforced. 

An aroused public in “taking stock” 
of the entire situation decided that 
something was wrong with the adminis- 
tration of criminal justice in Baltimore. 
It wanted the facts, and looked to the 
newly created Baltimore Criminal Jus- 
tice Commission to supply not only the 
facts but the solution to the problem as 
well. First of all the public wanted to 
know just how much serious crime there 
was in the city and how many of those 
crimes were b^ng solved by arrest and 
conviction, how many of those arrested 
were dismissed by the police magistrates 
or handled in the juvenile court, how 
many were dismissed by the grand jury 
or whose cases were stetted or nol- 
prossed by the state’s attorney and the 
number of convictions and acquittals, 
together with the percentage of cases in 
which probation was granted. 

Was not such information already 
available and easily accessible 1 The 
answer is an emphatic ”No. ’ ’ Extended 
and accurate crime statistics are almost 
non-existent. Only fifteen of the forty- 
eight states make any l)retense of secur- 
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ing crime figures. Then, too, where fig- 
ures are obtainable there is no standard- 
ized form of tabulation or terminology. 

In making any study of the crime sit- 
uation in a given community it must be 
remembered that the administration of 
criminal justice is a single operation 
working through a number of agencies. 
The function of the police is to maintain 
order and to apprehend offenders. The 
state’s attorney then takes up the 
thread, unless it has been broken at the 
preliminary hearing or by the grand 
jury. Then the courts and the prisons 
finish the task. Any weak link in the 
chain destroys the effectiveness of the 
whole. It is of no use to study any one 
part of the scheme without relation to 
the whole. 

It is the tendency of each of these 
various agencies to study this process in 
terms only of its own function. Thus 
the police department maintains a set of 
records by which we learn the number of 
arrests made and the disposition of those 
arrested. The grand jury records the 
presentments and indictments. The rec- 
ords of the state’s attorney, police mag- 
istrates and the criminal courts show the 
number of acquittals and convictions 
and the sentences imposed. Then, too, 
the probation department, parole com- 
missioner and prisons all maintain sepa- 
rate record syrtems. 

It is quite evident that it is of no great 
value to know simply how many people 
are arrested unless we know the propor- 
tion of arrests in relation to the volume 
of crime. Nor is it of any particular 
benefit to know how many people are 
convicted without knowing the relation 
which the number of convictions bears 
to the number of arrests and the extent 
of crime. It was found necessary, there- 
fore, not only to coordinate all these ex- 
isting records but also to go back to orig- 
inal sources for other facts and informa- 
tion. 

After all these facts are secured, 
properly assembled and coordinated it is 


possible to see wherein the machine as a 
whole is failing properly to function* 
This in turn Inevitably leads to certain 
specialized studies of some particular 
phase of the administration of criminal 
justice, as, for example, probation and 
parole, police methods, use of the stet or 
nol profis by the state’s attorney, the 
security of bail bonds and an examina- 
tion of our criminal laws and proceduf^ 

The next step, once we understand flm 
immediate problem, is to keep alive aUd 
sustain public interest, realizing that it 
is impossible to proceed with a problem 
faster than public opinion will permit. 
It is frequently necessary to have an 
overwhelming mass of facts and throuj^t 
those facts mold, direct and change pub- 
lic opinion by overcoming many age-old 
beliefs and prejudices. Nor is ta 
aroused public opinion of itself suffl- 
cient. Organized action is also neem» 
sary. Thus in its final analysis it be- 
comes a question of organized pubUe 
interest versus organized crime. 

It is vitally important for a commis- 
sion to distinguish between the impartial 
gathering of facts and a mere hunt or 
“probe” for official wrong-doing. The 
work should be done in an impartial, 
even-tempered way. A eommisfidon 
should be neither “hard boiled” not 
sentimental but practical and scientific. 
Its work should at no time assume the 
nature of a “probe” or “expos4” btlt 
should be a practical painstaldng study 
of the entire situation. Every felony 
case should be carefully followed 
through from the time of the original 
report of the crime until the final dispo- 
sition of the case. 

The mere fact that officials know that 
each case is being carefully followed haii 
in itself a most stimulating effect The 
periodical publication of all the facta 
showing the record of each of the various 
agencies engaged in the administration 
of criminal justice tends to create a com- 
petitive spirit and almost invariably 
results in improvement. It is likewise 
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possible for a oommisdon to bring about 
a better public understanding and ap- 
preciation of the work and handicaps of 
a particular agency charged with the 
administration of criminal justice. 

''Even if we hasten the process of 
criminal justice and make our machinery 
more efficient will this actually reduce 
crime ? ’ ’ say the more cynical. ‘ ' Are we 
not still ignoring the real causes of crime 
and approaching the question from the 
wrong angle Y” The answer is that an 
intelligent and efficient administration 
of criminal justice does actually reduce 
crime. In explaining just why it does 
reduce crime let us pause for a moment 
to consider some of the many theories 
regarding crime. OriginaUy crime was 
thought to be the result of innate de- 
pravity and the possession of the devil. 
Later the theory was advanced and is 
still maintained by many, that criminals 
are a born' type, the result of an atavism 
or throw-back to savagery, and hence are 
not responsible for their acts. At or 
about the same time this theory was ad- 
vanced another school of thought main- 
tained that crime was due largely to 
imitation. The battle between the dif- 
fering groups waxed warm. Some time 
later a scientific investigation was made 
of a large group of inmates in penal in- 
stitutions in England to determine 
whether or not there was actually a bom 
criminal type which could be recognized 
by definite physical stigmata. The re- 
sults showed no real variance between 
inmates of penal institutions and the stu- 
dents of a great English university. In 
fact there was found to be as much 
variance between the inmates of differ- 
ent penal institutions os between the 
students of two different colleges. Thus 
another theory was shattered by facts. 

Unfortunately, however, those making 
this study fell into the all too prevalent 
habit of theorizing, by announcing the 
belief that all criminals were mentally 
rab-normal. This belief caught the popu- 
lar fancy and is widely accepted and be- 


lieved to-day. Its absolute plausibility 
accounts no doubt for its so general ac- 
ceptance. 

The lack of scientific knowledge of the 
norm of intelligence made a real test of 
the soundness of this theory impossible. 
It was not until the World War that 
great numbers of men were given intel- 
ligence tests and the norm of intelligence 
thus more accurately determined. The 
average of intelligence was found to be 
much lower than was originally supposed 
and when our convict population was ex- 
amined it was found that they received a 
higher mental rating than did the draft 
army of the United States, which was 
fairly typical of our mass population. 
In this connection it must be borne in 
mind that the convicts found in institu- 
tions represent the lower mental type of 
criminals, since the more astute fre- 
quently escape detection ; hence the com- 
parison would seem more than fair to 
the mass population. It is interesting 
to note that, generally speaking, the 
criminals received a higher mental rat- 
ing than did the guards in the institu- 
tions in which the examinations were 
made. 

Therefore, since crime is not due to in- 
nate depravity and inasmuch as the Lom- 
brosian theory of a bom criminal type 
has been pretty generally exploded and 
the sub-normality of criminals proven 
false, it would seem that actual as well 
as potential criminals go through the 
same mental processes as the average 
citizen. This being true they consider 
the chances of success or failure of an 
undertaking just as the average man 
does. Since the chances of succeeding in 
a legitimate business are, generally 
speaking, less than in a criminal under- 
taking, is it any wonder that those in- 
dividuals unhampered by character or 
conscience should choose a career of 
crime with its greater financial returns 
and fewer chances of failure? 

But by the same method of reasoning, 
when apprehension becomes more cer- 
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tain^ trial more prompt, conviction of 
the guilty swift and sure and punish- 
ment adequate, professional criminals 
are brought to realize that the game isn’t 
worth the candle. Crime as a business 
is like any other business when you take 
the profit out of it it collapses. 

The Baltimore Criminal Justice Com- 
mission is one of the local crime commis- 
sions which has been a vital factor in 
doing just those things as far as Balti- 
more City is concerned. Whereas sev- 
eral years ago only one reported crime 
in every five or six was followed by ar- 
rest now arrests take place in one of 
every two reported crimes. Cases are 
tried with a degree of promptness un- 
paralleled in the United States as far as 
any known records show, as 92 per cent, 
of the cases tried are tried within three 
weeks of the date of arrest. Probation, 
which had been rather indiscriminately 
granted without preliminary investiga- 
tion and with little, if any, real ‘‘follow 
up” work, was reduced to proportions 
within which it could be more properly 
handled. This action followed the issu- 
ance of a report on the subject in which 
the effects of probation during one year 
were carefully studied and the results 
tabulated. The results were undoubt- 
edly disturbing to the complacencies of 
those who felt content to rest with the 
formulation of theories. Probation in 
fact was found to be far different from 
probation in theory, but it is only 
through a full and complete gathering 
and assembly of the facts that a way of 
betterment is to be found. 

It is unquestionably true that existing 
law is failing to meet new conditions. 
It has been often said that ‘‘legal pre- 
cepts and processes devised and shaped 
for pioneer, rural and agricultural so- 
ciety of the nineteenth century are fail- 
ing to meet the new requirements of 
present-day America, which is predomi- 
nantly urban and industrial. The result 
is growing confusion and uncertainty.” 
England modernized her legal precepts 


and processes more than fifty years ago 
after a succession of exhaustive nation- 
wide surveys by commissions of eminent 
legal scholars. America, however, con- 
tinues tenaciously to cling to these old 
forms of procedure long after the coun- 
try from whom she borrowed them has 
discarded them. 

In this respect crime commissions can 
be of tremendous help, and in Baltimore, 
for example, the Baltimore Criminal Jus- 
tice Commission brought about the aboli- 
tion of the antiquated fee system in the 
state’s attorney’s office and had set up in 
its stead the modern budget system. 
The changing of Maryland’s constitution 
was necessary in order to do this, and 
those of you who have ever attempted to 
change the constitution of any state 
know just how difficult a task this was. 
Here again the gathering, assembling 
and presenting of facts was the means 
by which this change in Maryland’s or- 
ganic law was accomplished. 

To summarize, therefore, local crime 
commissions came into being because of 
a growing public demand for an im- 
proved administration of criminal jus- 
tice. Their purpose is to reduce crime 
by making the machinery for the ad- 
ministration of criminal justice more effi- 
cient. This is accomplished by knowing 
and interpreting the facts to the public, 
by organizing and keeping alive public 
interest to the end that public action is 
secured. 

This movement is in its infancy. That 
its growth may be healthy and along 
proper lines is of the utmost importance. 
It is profoundly encouraging to know, 
therefore, that ‘^e Harvard Law School 
has worked out a plan broadly national 
in its scope, for the purpose of assisting 
more largely and more directly in over- 
coming the many serious difficulties now 
hampering the administration of justice 
and the conduct of businesB in this coun- 
try. Briefly its aims are : 

(1) To apply in the field of law the 
modem method of continuous scientific 
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investigatioii which has proved of such 
practical value in medicine, in business 
administration and in the technical arts. 

(2) To enable trained men of out- 
standing ability to carry on this impor- 
tant work for the general good under 
the necessary conditions of permanence 
and impartiality. 

(3) To supply the trained assistants 
who will be needed by the major investi- 
gators. 


(4) To make the schoors great law 
library more serviceable to investigatora 
and students. 

(5) To make the results of investiga- 
tion available, as promptly as possible, 
through publication. 

(6) To maintain the highest standards 
of professional training for lawyers. 

Such movements as this point the way 
to future accomplishments. 


STAGES OF EVOLUTION AND RELATION 

TO CRIME 

By Professor LANCASTER D. BURLING 

VAS8AR OOLLEOE 


The relation between environment 
and criminal tendencies has had many 
exponents, and they have had an easy 
task. Somewhat more difficult, however, 
has been the problem of those who have 
followed Lombroso in appealing to the 
predisposing tendencies of hereditary 
physical traits. We discuss the one and 
recognize it in our criminal system be- 
cause we understand it, because science 
tells us how it works, because it can be 
remedied. Heredity, on the other hand, 
we do not understand. Science speaks 
with certain voice only so far as bodily 
form and characteristics are concerned. 
Always there are exceptions, and these 
increase in number as the objects of our 
study progress upward in the scale that 
has genius at the top. Let us see if we 
can find in evolution a basis additional 
to those already given by environment 
and heredity for the science of crim- 
inology. 

For this purpose intelligence tests 
seem to offer a valuable starting point. 
Such tests, founded upon insufficient 
data and carelessly applied by persons 
of varying ability to the inmates of our 
jails and reformatories, led a few years 
ago to the publication of such statements 


as that half or more of our criminals 
were feeble-minded and that for the 
majority of these it was hereditary. 
More mature and based on more inclu- 
sive data, later intelligence tests of a 
comparative character gave different and 
surprising results. For example, the 
thirty-three hundred inmates of Leaven- 
worth were found to score slightly 
higher than ninety-four thousand mem- 
bers of the white draft. Statistics now 
seem to indicate (Curti) that 15 to 30 
per cent, of our criminals have a mental 
age of eleven or less. But, the average 
mental age of large sections of the draft 
was only thirteen, and the obviously 
feeble-minded were not included. So 
close a correspondence between the per- 
centages of feeble-minded among crimi- 
nals and in the adult population of the 
country as a whole would seem to lead 
to the obvious conclusions that the crimi- 
nal is little different than his unlabeled 
brother and that 20 per cent, of the 
adult population of our country is feeble- 
minded. These conclusions various peo- 
ple, Curti among them, have been un- 
willing to accept. I should like for a 
while to look with you at the proposi- 
tions implied by these facts and by many 
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other things in the world around us if 
we make the necessary correlations and 
draw the conclusions to which they 
point and then to try to apply the knowl- 
edge BO obtained. Let us do this under 
the headings : 

(1) All men are bom unequal; 

(2) This inherent inequality makes good and 

evil entirely relative terms; 

(3) We now recognise this inequality in our 

criminal system, but more or less un- 
consciously ; 

(4) How can our criminals, unequal by na- 

ture, be graded; 

(5) How should our criminals, unequal by 

nature, be treated; 

(6) How can intellectual and moral superi- 

ority or inferiority be recognized with- 
out sacrificing the democratic prin- 
ciple! 

(1) All men are horn unequal — 
equality being as accidental, shall we 
say, as twins. In other words, the effects 
of environment, which loom so large in 
our criminology, and the hereditary in- 
equalities to which Lombroso appealed 
are superficial compared to the more 
fundamental inequalities of soul growth 
which are the natural result of the evo- 
lutionary process. We do not discuss 
these inequalities of soul age because we 
have never considered the subject, be- 
cause we have been taught to believe that 
there is no such thing, because science 
says very little about it, because it seems 
irremediable. Yet we have always rec- 
ognized that a genius in music or in art 
was so bom. It displays itself too early 
to be environmental and too capriciously 
to be hereditary. Travelling far from 
the beaten track in central Africa I have 
found among the natives of a little vil- 
lage the one destined by only a slight 
stretch of the imagination to become the 
genius of a later day. He had fashioned 
a musical instrument finer than, and 
differing entirely from, the tom-toms of 
the rest and carried it around with him 
wherever he went. As there are all 
grades of musical talent among ourselves 
is it not a logical inference that it would 
be possible to find persons occupying all 


the steps between the African and 
Debussy; that Debussy himself must 
have progressed along such a ladder? 
And if in music, and in art and in 
poetry, why not also in intellectuality, 
in character! 

Let us search for the evidence of in- 
herent Kbman inequalities in our own 
experiences, in such common everyday 
facts as I have mentioned and in such 
facts as these : 

(a) The fact of boy and girl prodigies. 

(b) The recognition, by our educational 

system, of superior types and their 
accommodation, for example, by 
opportunity rooms” with separate 
teachers in the case of the intuitive 
children of California, and by honors 
courses and independent and advanced 
work supplementary to the regular 
courses in our eoUeges. 

(c) The recognition of inferior .types in our 

public school system and the appoint- 
ment of psychologists to care for 
them. 

(d) The emphasis placed by educational 

psychologists upon ' ' individual dif- 
ferences. ' ' 

(e) The failure of many grown people to 

profit at all by the teaching given in 
the schools for adult illiterates. 

(f) The recognition of the moron and the 

semi-moron as identifiable members of 
our civilization — people who can illus- 
trate an ad, play the traps, do any 
one of a score of things, and can nc^ 
write a sensible letter. And if semi- 
morons, why not quadri- or hezi- 
morons, etc. Mature can not have 
segregated the particular types of in- 
tellectual capacity which children 
recapitulate at the agos of eleven or 
fourteen. 

(g) The discovery that large sections of the 

draft possessed, on the average, the 
mentality which might be expect^ of 
a child of thirteen. Without placing 
too much credence in the ezactoess of 
such figures it is neverthdess possible, 
with such an average, to appreciate 
the low figures that will be required 
to balance the sopeiior figures that 
must have been present. And, as 
already stated, the draft did not in- 
clude the obviously low. 

(h) The fact that punishment, even extreme, 

dose not deter. 
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(i) Tbe different itftffes represented by the 

person who oommite suddenly b crime 
for which there appears to be no ante- 
cedent in the lifb of the individual and 
the person who plans a crime. We 
shall return to this. 

(j) The fact that many eriminals feel no 

remorse for what they have done; the 
fact that others do. 

(k) The fact that writers, attempting the 

olassidcation of humanity into groups, 
have frequently been successful in 
proving for the members of each group 
reactions which are characteristic. 
Such, for example, is the classification 
and relationships proposed by B. 
Bennett Bean in the paper on 
''Human types in relation to medi- 
cine’' announced for this very after- 
noon before one of the other sections. 

Many other indications of these in- 
herent inequalities will occur to you, 
and each of the lines of thought liked 
could be pursued at length. But is this 
necessary t Men seem definitely to be 
unequal; are we not ready to accept as 
a working hypothesis the idea that this 
inequality may be a variable dependent 
upon the number of times we have tried 
this experiment of living? We all dif- 
fer, the one from the other, as do the 
older and younger children in a family, 
shall we say, but are personally responsi- 
ble for the inequalities which character- 
ize ourselves and our surroundings in the 
life which we are now living. To select 
one only of the illustrations already 
listed, does it not seem as if there could 
be no better proof that men are on vari- 
ous steps of a ladder of evolution and 
that many criminals are on very low 
steps, than the fact that punishment 
does not deter? The mere thought that 
an act might be seen or found out would 
be a sufficient deterrent for many; for 
others the inhibition would be internal. 
Are there not two classes, those whom 
punishment would deter (those farther 
along on evolution's pathway) and those 
whom it would not (the child souls) ; 
and since both of these are included in 
the classes from which our statistics are 
derived may not the resulting conflict in 


the data be the reason for argument with 
men like Lawes and Osborne? 

In the world given to us by science, a 
world in which law and order prevails, 
in which every cause has an effect, every 
effect a preceding cause, a world in 
which energy is conserved and evolution 
is the keynote, would it not be surpris- 
ing if there were present elements so 
arbitrary, so unrelated, so wasteful, so 
unevolutionary as that men and women 
have been cast without predisposing 
causes of their own manufacture into a 
particular niche of a world wherein 
there are all gradations from luxury to 
want, from refinement to coarseness ; 
into a particular body when the range of 
choice lay anywhere between the perfect 
and the crippled or diseased; and have 
been arbitrarily endowed with minds of 
a certain type when there could have 
been chosen for them mental abilities 
ranging from feeble-mindedness to 
genius? And, are we to believe that the 
same nature which has spent several 
hundred million years in the painstaking 
evolution of everything from atoms to 
man's body should dispense with this 
process in preparing souls, or that she 
should attempt to crowd within the life- 
time of each body the evolution of its 
soul? May there not be a certain re- 
capitulation in the case of the soul and 
may not we, fairly able to evaluate the 
rapid changes which take place in the 
development of our bodily form, be fail- 
ing to recognize as recapitulation the 
various steps in the adaptation of an old 
soul to a new body, an adaptation which, 
progressive in its nature, simulates the 
original evolutionary process to some 
extent and is mistaken for it? 

Now, are we not recognizing in our 
criminal system the fact of inequalities 
in mental capacity and character, for 
that is a part of what I mean by soul 
age? By all means, even if uncon- 
sciously, but since these inequalities 
enter that system when responsible for 
an act which comes within the eriminal 
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code let us first discuss the inequaliti^ 
of human beings in the moral field. 

(2) This inherent inequality makes 
good and evil entirely relative terms. 
In ancient India a high caste man was 
allowed to go or given only nominal 
punishment in cases where the penalty 
to a low caste man was severe (Rajago- 
palan). Up to the nineteenth century 
Europe made exceptions in the case of 
the educated, the clergy, the peerage. 
In the world of to-day where our crimi- 
nal laws crystallize a code representing 
the changing morality of the articulate 
portions of the citizenship, somewhere 
therefore about halfway between the top 
and the bottom, there are people at the 
bottom for whom the laws should be 
changed, people at the top who are above 
all laws. It should not be necessary to 
state that I do not refer to the class 
which frequently escapes apprehension 
or punishment, either because its opera- 
tions are not defined as stealing, for ex- 
ample, or because it is able to build up 
a workable defense, but to those who 
would plead guilty if they had even 
thought of doing that of which they were 
accused. 

Have you ever been in the Texas 
''panhandle,” “out west” where “cow- 
boys” go down to a domino parlor to 
spend the evening? Forbidden by law 
to play pool because of a custom which 
usually asks the loser to pay for the 
game, and is therefore gambling, they 
play dominoes in a hall where all games 
must be paid for in advance, before win- 
ner or loser is determined, and then 
match fifty-cent pieces to see who pays 
for the dinner in a restaurant. There I 
have seen them match coins at a rate 
which made each chance failure cost the 
loser as much per second or two as he 
might have lost in a whole game of pool. 
Perhaps pool is too slow I My point is 
that if playing pool (or dominoes) is 
perfectly proper for those of us who are 
at a certain stage of evolution, it is more 
commendable (right) for those who are 


below us and might be doing worse, it is 
less commendable (wrong) for those who 
are above us and know better ways of 
spending their time. In other words : A 
on step 99 of the evolutionary ladder and 
B on step 101 can both move to step 100 ; 
but for A it is a step in advance and 
commendable, good; for B it is a step 
backward, evil. Then whether an act be 
evil or not depends upon the person who 
does it. Of course, but our realization 
of the fact should speed up our efforts 
in the direction of individual punish- 
ment. 

Let me illustrate further, increasing 
the range between our actors from the 
nominal one separating pool-playing and 
non-pool-playing people to one where 
the gap is very large. For a starving 
man to take food is — which? For a 
nation that does not provide enough 
money to buy the products of its indus- 
try and seeks elsewhere for buyers (as 
if a theater seating three thousand 
should print only fifteen hundred tickets 
— Douglas) to send shoddy to natives in 
one of its colonies is — ^which? I have 
seen a man who was in one of the ‘ ‘ out- 
posts of empire” sell a piece of starch- 
filled calico to a native for $3.00 and 
enter $1.50 in the book of a company 
which declares large yearly dividends. 
The native received the $3.00 for palm 
oil, and for this' payment there was the 
same kind of bookkeeping, so far as 
agent’s profit was concerned. The agent, 
the company, the stockholders are en- 
gaged in a business enterprise which is 
called “carrying the flag,” “developing 
the backward races,” etc. We do not 
therefore characterize all stealing as 
stealing; and many other illustrations 
will occur to you. But we are interested 
not so much in the crime itself as in the 
criminal. He must be on some one step 
of the previous illustration and his re- 
sponsibility varies with that position. 
If he steps downward, from however 
high, he does wrong; if he lives up to the 
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light he has and steps upward, from how- 
ever low, he does right. 

It is a long time since we hanged a 
man for stealing a shilling. The wit- 
nesses of such an execution could not 
have thought the ‘‘criminar* to be a 
species by himself. Each must have 
known why that particular man was 
being han^. But are we improving? 
Do we protest ? Do we not separate our- 
selves from the criminal, and are not 
those of us who are soiled with the same 
dirt the hardest on him? It was the 
people who had sinned who had the 
stones in their hands. We must realize 
with Sir Basil Thompson, of Scotland 
Yard, that ‘‘the murderer is rarely a 
criminal by nature ... he is just you 
or I. ” If you and I are at different lev- 
els on an evolutionary ladder so are the 
criminals. Those who are below us 
stand where we have stood ; those whom 
we are above will some day stand where 
we are now. Every person, without ex- 
ception, is treading his own path; and 
every path across a swamp is a right 
path if it arrives at the other side. On 
this path we all make errors. These may 
warrant our segregation from other 
people, but they may not be evil at all ; 
indeed they are not if we are doing only 
that which is to be expected of one at 
our stage of evolution. Men credit us 
with vices, but the “vices of men become 
steps in the ladder, one by one, as they 
are surmounted. ’ ' To each of us, ‘ ‘ crim- 
inal “ or not, will come success; “the 
only possible failure is to cease trying.” 

(3) We now recognize this inequaliiy 
in our criminal system, but more or less 
wnconsdously, I have added the word 
“unconsciously” to the heading because 
I do not see a basic or conscious recog- 
nition of the principle of soul inequality 
in features which make it possible for 
you to ask me questions such as the 
following: 

(a) Do we not recognize the mistake of hav- 
ing the same punishment for the same 
oiime oommitted by different people; 


is not individual punishment the key- 
note of modem penology (Rugglea)? 

(b) How about the failure of juries to con^ 

vict under the old (and still prevalent) 
rigid punishment system, even though 
the verdict is often complicated by an 
emotional appeal or by the way in 
which the case is conducted? 

(c) How about the way in which attorneys 

exercise the right of selecting and 
rejecting jurors I 

(d) Is it not shown in the growth of the 

principle that all idea of punishment 
should be eliminated — that we might 
as weU punish a wolf for not being a 
setter, a range cow for not being a 
jersey, a jungle fowl for not being a 
silver Wyandotte f 

(e) Does not the growing sentiment in favor 

of the indeterminate sentence afford 
still another instance f 

(f) And the frequent petitions for clemency, 

how about themf 

(g) What about the distinction we draw 

between first offenders and the hard- 
ened criminal^ To this I answer 
with a question: Why is it that the 
favorable conditions at England’s 
farm prison on the Isle of Wight re- 
act BO quickly on the “ inoorrigibles ” 
who are sent there f 

(h) Have not Boehmer and Kretschmer 

blazed the way with their classifica- 
tion of criminals into asthenic, athletic 
and pycnicf And may we recall 
again the fact of the various classifi- 
cations of humanity in general which 
Bean reviews in his paper on * ^ Human 
Types in Relation to Medicine”? 

To all these I answer: Exactly. We 
do have social efforts aimed at the re- 
moval of those causes which tend to 
retard soul growth or to cripple its ex- 
pression. We have a penal system which 
is so conducted that soul age sometimes 
enters the reckoning. We have many 
thinkers who realize the presence of the 
inequalities we are attempting to ex- 
plain. My belief in the originality of 
my ideas has always seemed to vary in- 
versely with the extent of my informa- 
tion and I should not be surprised to be 
told that I am merely calling out 
“Left,” “Left,” beside a column that 
has already been placed in motion. In- 
deed I offer you nothing new; I am 
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meirely using facts already known to you 
somewhat as a painter uses paints. As 
I see it, humanity is being constrained 
to follow a path which does coincide in 
large measure with realities. It is 
always thus. I plead for the acceptance, 
the valuation of these realities, and the 
development of a criminal system inten- 
tionally based upon them and applied to 
all who come within its field of action 
rather than that these things should hap- 
pen by accident; a system that knows 
the differences and likenesses between 
the idiot, the imbecile, the lunatic, the 
moron and the feeble-minded; a system 
that appreciates the inequalities of men- 
tal and moral stature and recognizes 
them in the making and administration 
of its laws and in its social reform 
activities. 

(4) How can our criminals^ unequal 
by nature, he graded? The gradual 
evolution of the intelligence test method 
is making it increasingly helpful, if 
wisely used, and such tests may well be 
the basis of a preliminary sorting out of 
the men even before they come within 
the operation of such methods as those 
of the Mutual Welfare League. The 
necessity that all prisoners shall be so 
treated and so graded is the essential 
thing. I offer, however, for the consid- 
eration of those among you who can 
apply it, the fact that a lunatic, hypno- 
tized, becomes intelligent, able to reason, 
and the possessor of a keen memory ; the 
fact that a man, unlettered by circum- 
stances, will, in trance condition, read 
Greek fluently, will play a complicated 
game to which he is a stranger, or will 
understand and answer in a language 
unknown to him in his waking state. 

(5) How should our criminals, un- 
equal by nature, be treated? Mr. 
Rajagopalan, in his ‘ * Growth of Civiliza- 
tion,” points out the fact that where one 
nation is ruled by another there tends to 
develop in the ruled a half caste group 
“^th power derived from the rulers but 
with none of their culture and nobility, 


a class looked down upon alike by the 
rulers and the subject race and showing 
the worst features of both.” Realizing 
that brutality reacts more seriously 
upon the one who devises it and applies 
it than upon the one whom we usually 
regard as the victim, I view with grave 
concern fhe growing army of police and 
detectives, the army of officers in our 
penal institutions. Run by a staff which 
is being schooled in brutality, our jails, 
too many of them, are graduating a 
stream of students schooled in crime and 
in nothing else. Our asylums are be- 
coming hospitals ; our penal institutions 
should be universities for the cultural 
and vocational training of the intel- 
lectual, trade schools for the moronic, 
granting diplomas and union cards. In 
them should be a field for the keenest of 
our professors and to them some of the 
best of our professors will gradually be 
attracted. 

Wliat shall be the first steps in this 
emancipation f Remove our prison sys- 
tems from politics, abolish from them all 
idea of punishment — ^that of capital 
punishment in particular, establish self- 
government, let the men earn their own 
way and support their families, or earn 
enough to have families, while they are 
in prison on an indeterminate sentence, 
prepare them for graduation into civil 
life as quickly as possible, and look after 
them after they are graduated. 

Such a program is self-evident; such 
steps are being taken; they have to be 
taken very gradually. But I dream of 
the time when the life lived by the grad- 
uate of Sing Sing or Leavenworth, for 
example, shall make their diplomas val- 
uable, a time when a sentence to such a 
place will be a real opportunity, a time 
when criminals incurably dangerous to 
society will become fewer and fewer, a 
time when for the others the only dis- 
grace will be failure to so cooperate that 
graduation will be possible. The offldab 
and the instructional staff of such jails 
will look for the souroes of their own 
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failure when a man is sent back for a 
second term. This will not apply to the 
incurably dangerous, for they will never 
have been released irrespective of the 
time which they have spent in the insti- 
tution. 

But let us go deeper. Let us recog- 
nize that the acts for which men and 
women surrender their privilege of 
going about freely, any acts for that 
matter, are the final chapters in a cause 
and effect sequence. The law has for a 
long time recognized the difference be- 
tween an act done without thinking and 
an act planned or premeditated. This 
is right. Our failure is the requirement, 
for conviction, that the act shall have 
been completed. If my information is 
up to date Scotland recognizes as mur- 
der an attempt which would have been 
murder if death had ensued; France 
makes a similar recognition in the case 
of attacks upon public officials; Japan 
exacts the death penalty for executing 
or contriving. 

It will occur to you that an apparently 
unpremeditated rash act must have had, 
during the soul growth of the particular 
individual, an antecedent mental history 
which is represented in the present life, 
or at the moment of commission, only by 
a predisposition, and that determinism 
is, therefore, not negatived by our 
hypothesis. As some one must have 
said: What we were we do, what we 
think we are. The act represents the 
fruit of a previous flower; the thought 
the flower of a fruit that may ripen. 
Our criminal code pays too much atten- 
tion to the former (the finished) and too 
little to the latter (the changeable, the 
preventable). To the educational jails 
already described should be sent not 
only those who succeed in committing 
criminal acts, but all those who plan or 
attempt them. We can thus take a step 
which may stop the criminal sequence of 
meditated (mental) cause and final 
(pfaysieal) effect before it does any dam- 
age on the physical plane and before it 


visibly affects others. If to the program 
we have outlined there is added the im- 
partial application to all, rich and poor, 
influential and uninfluential, of a crimi- 
nal code based on the inequality of man 
and the criminality of attempted as well 
as accomplished crime our jails, our 
reformatories, will contain an increasing 
percentage of individuals with a large 
I Q, and therefore amenable to an edu- 
cational process. 

Very important also is our share in 
the guilt of those who fall. We delib- 
erately call attention to pistols as 
weapons by pasting paper over the ex- 
tended hand of a man before whom an- 
other is falling dead. Impossible, ab- 
surd, but true. Our movies depict, 
before people who live out every detail 
of the action, express or implied, acts for 
which our criminal code prescribes pen- 
alties ; and in cases where the film is not 
allowed to go this far it shows everything 
but the actual act. Our novels do the 
same ; our papers spread before a thou- 
sand the intimate details of the solution 
found by some one for the very prob- 
lems that are confronting them. We are 
ourselves responsible for the creation of 
this additional predisposing thought. 

(6) How can intellectual and moral 
superiority or inferiority be recognized 
without sacrificing the democratic prin- 
ciple f We are endeavoring to run our 
country on the proposition that all men 
are equal We have popular referen- 
dums, for example, one man one vote, 
on such questions as (a) permitting an 
increase in the stock of corporations by 
a two thirds instead of a majority vote 
of the stockholders and doing away with 
the necessity for a sixty-day notice of 
such a meeting, (b) exempting secon- 
dary schools from taxation, (c) taxing 
short line steam railroads, (d) tax ex- 
emption for veterans, (e) restricting the 
manufacture of oleomargarine. (There 
were ten other measures and more than 
twenty constitutional amendments in 
this particular referendum.) But the 
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Declaratioii of Independence merely 
affirmed certainty that all men were 
created equal, and a long line of think- 
ers has stressed the effect of heredity 
and environment in introducing ine- 
qualities. If to these we add the more 
fundamental inequalities described in 
this paper democracy bids fair to become 
the abimrdity that it is logically if we 
look upon it as the final goal. For the 
purposes of this paper it will be sufficient 
to realize that if all men were created 
equal they were probably so created at 
different times and that they are now 
equal only in the opportunity that is 
given to them to grow and to progress 
upward on the path toward perfection. 
For this creation took place a long time 
ago, and the earned advantages and 
deserved disadvantages of environment 
and heredity through the ages, as well 
as in the present, have insured the pres- 
ence amongst us of souls at all stages of 
the journey. What solution democracy 
will find for itself when it realizes the 
essential inequality of man is difficult to 
predict. The world has found little 
fault with monarchy or aristocracy or 
even oligarchy until they became para* 
sitic. Shall our democracy become 
parasitic that it must give way, and if so 
to what: monarchy, benevolent autoc- 
racy, communism, despotism, socialism t 
Or shall we try a modified democracy 
based on a classified electorate and run 
by people who hold office by right of 
mental and moral stature — a common- 
wealth in which the strong have duties, 
the weak rights (Besant) t I do not 
know. 

Just as there is ever an antecedent 
mental process for every act so is the 
idealistic program of the 1925 Interna- 
tional Prison Conference, for example, 
an indication of what shall be. So also 
is our symposium, particularly when it 
speaks of the future, an augury for that 
future, and, what is far more important, 
necessary if that future is to be. The 
smallness of our room, the fewness of 


our numbers, matters not at all. A vis- 
itor to our planet some score million 
years ago, as some one has said, would 
have found the air, the land and^the sea 
well peopled, and dominated by reptiles 
of almost inconceivable variety and size. 
Evolution would have appeared com- 
plete, the earth to have no room for any- 
thing else. Yet the man of vision would 
have seen, hiding in the trees, a few 
small insectivorous animals and could 
have prophesied that they should give 
rise to mammals and to man. I have 
great hopes for the future. Is it too 
much to hope that you who have been 
trained in the field of criminology and 
understand it will attempt to prove or 
disprove or at least to find out whether 
or not there is anything of value in, the 
working hypothesis of a student of 
evolution. 

SUMMABY 

Endeavoring to find an evolutionary 
basis for a newer criminology I have 
become convinced of the reasonableness 
of the view that all men are bom un- 
equal, mentally and morally, and point 
out (a) some of the features in our civ- 
ilization which corroborate such a view 
and the changes which it introduces into 
our ideas of good and evil; (b) the fact 
that criminals usually appear to repre- 
sent a fair cross section of society, and 
that we all differ in soul growth, that we 
are all on different steps of a ladder of 
evolution which reaches from the bottom 
to the top with opportunity for all to 
travel upward to the end ; (c) that vary- 
ing grades of intellectual capacity and 
moral appreciation have not been for- 
tuitously bestowed, and that such a de- 
terministic view based upon an evolu- 
tionary process stretching through the 
ages is ^e only one consistent with a 
world of law and order in which nothing 
is but in which everything is becoming. 
I acknowledge that, due to my lack of 
knowledge, I may be retelling an did 
story, and that I am meorely using facts 
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with which you are all familiar, the only 
element of novelty in the paper being the 
conclusions which it reaches. I acknowl- 
edge the presence in our criminal system 
of the recognition of a fundamental in- 
equality in mankind, but point out its 
probably unconscious character and 
plead for its real acceptance as a work- 
ing hypothesis, introducible into our 
criminal code, our penal system, our 
social reform activities. I suggest (a) 
the possibility of using the psychological 
methods of hypnosis in determining the 
soul age of those members of society who 
are illiterate by circumstance instead of 
by nature; (b) the gradual conversion 
of our jails into universities and trade 


schools to which some of the best of our 
professors will come, and the building 
up of a tradition that shall make wilful 
failure to graduate and get a diploma 
a real disgrace; (c) the recognition in 
our criminal code of the necessary con- 
nection between previous thought and 
subsequent action and the necessity for 
terminating this sequence before it has 
an effect in the physical world by send- 
ing to our jail-universities those who 
plan or attempt crime; (d) our own 
responsibility for a large part of this 
predisposing thought. Finally I discuss 
briefly the bearing upon our democratic 
experiment of the fact of intellectual 
and moral superiority and inferiority. 


IMMIGRATION LAW ENFORCEMENT 


By Professor DONALD YOUNG 

WHARTON SCHOOL, UNIVCESITT OF PENNSYLVANIA 


Efficient enforcement of the present 
immigration laws of the United States 
is impossible. This is true in spite of 
the fact that public opinion is convinced 
of the need for rigid immigration re- 
striction and deportation legislation. 
Ordinarily it is an easy matter to secure 
a reasonably strict enforcement of legis- 
lation which is so fully in accord with 
popular sentiment as our immigration 
laws seem to be. Where dissenting 
voices are so loud and so frequent as 
they are in opposition to the Volstead 
Act common disregard for the law is to 
be expected. The immigrant problem, 
however, appears to be different in that 
the law is popularly approved yet not 
enforced. 

This non-enforcement is in large mea- 
sure due to exceptional circumstances 
found in the United States rather than 
to neglect or inefficiency on the part of 
the Immigration Service. While it is 
not within the province of this paper to 
comment on that service it seems proper 
to say that the immigration officials have 


done their work remarkably well when 
their financial, geographical, legal and 
other handicaps are considered. These 
handicaps will become apparent as our 
discussion proceeds. 

The most obvious problems of enforce- 
ment of any set of immigration laws in 
the United States should be mentioned 
but require no discussion. They are as 
follows : 

(1) The thousands of miles of United 
States boundaries, varying in character 
from swampy seacoast to arid desert 
wastes. 

(2) The opportunities for the main- 
tenance of a high standard of living in 
the United States which naturally at- 
tract multitudes from foreign congested 
areas. 

(3) The millions of aliens already in 
the United States who by their presence 
make it difficult to apprehend the illegal 
foreign resident. 

(4) The immense areas of our cities 
and country districts which afford secur- 
ity to hunted aliens. 
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(6) The necessity for the United 
States to do the pioneer work in the field 
of immigration legislation. No other 
country has had our problems, though 
many of the newer lands, such as Aus- 
tralia, Argentine, Brazil, Canada and 
South Africa, are beginning to meet 
them on a smaller scale. They have the 
advantage, however, of being able to 
look to our experiments for advice on 
whkt and what not to do. 

Such handicaps as these are no one's 
fault and can not be avoided. An ex- 
amination of the legislation itself, how- 
ever, may show defects or omissions in 
some measure avoidable. We shall be- 
gin our examination by an analysis of 
the admissibility requirements estab- 
lished by Congress for prospective im- 
migrants. 

Prospective immigrants are considered 
undesirable because of their (a) race or 
nationality, (b) individual defects of 
mind or body, (c) personal ideals and 
conduct, and (d) because of unfavorable 
economic or social conditions in the 
United States. Resident aliens may also 
be deported for reasons of the first three 
types mentioned. It may be that a share 
of the enforcement difficulties encoun- 
tered by our immigration officials lies in 
the nature of the undesirability tests 
legally provided. 

From the most ancient recorded times 
it has been good form to judge the merits 
of an individual by the color of his skin, 
the shape of his nose, the clothes be 
wears or even the language he speaks. 
Foreign characteristics, cultural or bio- 
logical, apparently significant or ob- 
viously unimportant, have been sufficient 
to classify a man as necessarily inferior. 
‘‘Barbarian" and "gentile" were rarely 
intended as terms of praise. This state 
of mind is as common to-day as ever. 
Certainly our immigration legislation 
evidences its wide acceptance by the 
"barred zone" exclusion of Orientals 
and the thinly veiled discriminations of 
the act of 1924 in favor of aliens from 
Northern and Western Europe. 


This attitude of racial discrimination 
was one of the first important causes of 
modem immigration law violations, and 
it is becoming increasingly important as 
our national pride develops and is writ- 
ten into our alien legislation. Beginning 
with, our timid Chinese exclusion act of 
1882, growing more bold with its con- 
tinuation in 1892 and 1902, and with the 
extension of the principle of racial ex- 
clusion in 1908, 1917, 1921 and 1924, we 
now say quite frankly that we do not 
want any Oriental immigrant laborers 
and only a few others.* We have with 
growing assurance asserted a belief in 
our own superiority. As each additional 
"race" has been put on the undesired 
list thousands of its members have at- 
tempted to smuggle themselves across our 
borders, and with no little success. 

Part of the difficulty here lies in the 
inability of the "inferior" excluded 
races to appreciate our point of view. 
Why should Italians be restricted while 
Mexicans are allowed in, almost without 
limit? Why should the Slav with his 
centuries of glorious history be less de- 
sired than the Irish? Why should an 
American woman lose her citizenship 
through marriage to a Hindu Oxford 
graduate but not through a marriage 
to the lowest African savage? Conse- 
quently, the so-called "inferior races" 
feel no compunction about entering our 
country illegally, for they are sure that 
our law is founded upon an error, and 
while its violation may be a crime, it is 
to them no moral wrong. So long as 

s The following major restrietive immigration 
provisionB show the inoreaaing tendency of the 
United States to act in accordance with a belief 
in the racial superiority of its early settlers: 

1S82— Chinese exclusion legislation 

1892 — “ continued 

1902 — 

1907 — (Gentlemen’s Agreement limiting Japa- 
nese Immigration 

1917 — ''Barred Zone” proTision of act of 
1917 

1921 — Quota limitation of aot of 1921, 

1924— -More strict limitation of South BnfO- 
pean immigration and extension of 
''barred zone" provision to Include 
Japanese 
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they have an incentive to leave their 
native lands for ours they will continue 
to run our borders. No adequate way 
has been devised to stop them, though 
millions of dollars have been spent in the 
attempt.® 

Do not misunderstand me. I am not 
arguing that all races and nationalities 
should be admitted in equal numbers. 
There may be biological reasons for their 
exclusion, but none have been scientifi- 
cally established in spite of the constant 
eiforts of such students as Stoddard, 
Madison Grant and Laughlin.* 

Undoubtedly there are social reasons 
why the restricted and excluded races 
should be kept out of the country. Try 
as we will, however, unless we are will- 
ing to spend untold millions on the de- 
velopment of our embryonic border 
patrol we shall continue unable to ap- 
prehend more than a mere tithe of those 
who attempt entry by evading the in- 
spection which would instantly list them 
as members of undesired races. 

Individual defects of mind or body, 
like racial characteristics, are relatively 
easily observable by inspectors at ports 
of entry. During the fiscal year which 
ended June 30, 1926, about 300,000 im- 
migrant aliens and 191,000 non-immi- 
grant aliens were admitted to the United 
States. During the same period some 
20,000 aliens were refused admission. 
The surprising fact is that only a rela- 
tively small number of these refusals 
were based on the more serious physical 
and psychological defects of the appli- 
cants. 

8 For iUustrations of the increased pressure 
of potential immigrants created by the quota 
act of 1924, see House of Bep., Oom. on Immi- 
gration. and Naturalisation, No. 69.1.6. 

* For evidence in support of this point of 
view, see : McDougal, ' * The Indestructible 
Union, »» (Especially Oh. 6) Boston. 1926. 

Grant, ''The Passing of the Great Bace,'’ 
New York, 1916-1919. 

Stoddard, "The Bislng Tide of Color.'* 

Laughlin, Statements ^fore H. of Bep., Gom. 
on Imm. and Nat., Serials 6A. and IB. 


Four hundred and fifty-two applicants 
were refused admission because they 
were "physical or mental defectives, 
while 507 refusals were the result of 
"loathsome or dangerous contagious dis- 
eases." In view of the frequent charges 
that immigrants are a menace to our 
native stock, such a report of the immi- 
gration commissioner general requires 
explanation. 

The small number of refusals directly 
charged to disease and other individual 
defects is partly attributable to the fact 
that many inferior immigrants denied 
admission are hidden in such listings as 
"likely to become public charges," under 
which heading 3,590 aliens were returned 
to foreign shores.® Many thousands more 
of would-be immigrants were prevented 
from setting sail for the United States 
by the improved legislation and adminis- 
tration which now provides for foreign 
inspection in some countries by Public 
Health Service and steamship examin- 
ers, and directs our consuls to deny their 
visa to obviously ineligible applicants in 
all countries.® Others, knowing our 
standards for admission, do not attempt 
to pass inspection. For these reasons it 
is difficult accurately to estimate the 
number of defective and diseased aliens 
kept from entering our territory. 

While such healthy effects of our im- 
migration legislation are to be desired, 
there is nevertheless one important un- 
sought result, and that is the increased 
pressure of smugglers on our borders.^ 
We have through wise restrictions on 

8 Department of Labor, Bureau of Immigra- 
tion, mimeographed report for fiscal year 1926, 
released in August, 1926. 

8 For statistical statement showing more effi- 
cient law enforcement restilting from use of 
"British Plan" of foreign inspection of im- 
migrants, and of consular visa system, see An- 
nual Bept. of Gom. Gen. of (m., 1926, p. 2, and 
H. of B., Oom. on Im. A Nat., No. 69.1.6, 1926, 
pp. 30/81. 

7 An official summary df the alien smuggling 
situation can be found in the 1926 Annual Be- 
port of the GommissiOner General of Immigra- 
tion, pp. 12-21. 
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diseased and defective aliens added a 
large group of potential border runners 
to those already mentioned in our discus- 
sion of the debarred races. This is not 
an argument for the abolition of physi- 
cal qualifications for admission, but 
merely the statement of an evil which 
necessarily follows their application and 
makes our immigration laws harder to 
enforce. 

Personal ideals and conduct may also 
furnish us with desirable standards for 
the exclusion and deportation of un- 
wanted aliens. A matter of taste, how- 
ever, becomes involved when we do not 
want an alien because he believes in 
anarchism or polygamy or has been di- 
vorced for adultery or has been convicted 
of a crime involving “moral turpitude.’' 
One might well consider the impossibil- 
ity of obtaining an accurate definition 
which would enable an immigration in- 
spector to determine which immigrants 
were “anarchists, or aliens entertaining 
or afi^ated with an organization advo- 
cating anarchistic beliefs,” and therefore 
subject to exclusion. * ‘ Moral turpitude ’ ’ 
is a vague term over which ofilcials may 
well squabble. Adultery, a belief in 
polygamy, prostitution and other im- 
moral intent are certainly hard to detect, 
as are several other types of technicali- 
ties barring individuals. It may safely 
be said that any admittance test which 
amounts to nothing more than a question 
of personal opinion or the admission of, 
or conviction for, an * * immoral ’ ' act, can 
not be enforced except in isolated in- 
stances. This is well demonstrated in 
the annual reports of the commissioner 
general of immigration since such pro- 
visions have been in effect.® 

* Well'ielected source material from which a 
good idea of the difficulties of immigration law 
enforcement, now and in the past, may he oh* 
talned, can be found in: Abbott, ^^Immigrs" 
tion, Select Documents and Case Beoords,” 
Ohioago. 1924, and in Historical Aspects of 
the Immigration Problem,'’ Ohioago, 1926, by 
the same author. These include contemporary 
articles and statistics, court decisions and ex - 
cellent case records. 


During the fiscal year ending June 30, 
1925, the following number of aliens 
were debarred from entering the United 
States for reasons of personal opinion or 
conduct :® 


Anarchists, or aliens entertaining or afflll* 
ated wi^.,an organization entertaining 

anarchistic beliefs — 2 

Prostitutes, and aliens coming for any im- 
moral purpose 65 

Aliens who are supported by, or who re- 
ceive the proceeds of prostitution 1 

Aliens who procure or attempt to bring in 
prostitutes or females for any immoral 

purpose - - - 42 

Criminals 261 

Vagrants 11 

Professional beggars - - 2 

Paupers — - - 2 


In short, while 458,435 aliens were 
admitted during the year, only 98 who 
applied were found to belong to what 
the government terms the * * immoral 
classes”! Only 251 had committed 
crimes involving “moral turpitude”! 
Only two were anarchists! The count- 
less pages of Congressional committee 
hearings and debate, all the public agi- 
tation against such dangerous people, 
have done no more than save us from 
the attacks of this handful of the un- 
wanted ! 

Obviously, the law is not being en- 
forced, unless you are willing to assume 
that Europeans are not subject to the 
world's vices, as are the citizens of our 
own country. Of course, the figures 
quoted do not state the case quite fairly. 
Many individuals have been deterr^ 
from applying for admission by the mere 
knowledge of our restrictive laws, as was 
the case in regard to mental and physi- 
cal requirements. Our foreign consuls 
have stopped others. Possibly a few 
other causes of exclusion should be added 
to our list to make it complete, a% for 
example, “chronic alcoholism,” which 
kept eight aliens from our arid shores. 
Reason tells us, however, and so does the 

9 Annual Bept. of Oom. Gen. of Inun., 1925, 
pp. 162-156. ‘ 
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Immigration Service, that not all of the 
half million who entered could have ob- 
tained admittance honestly. 

Social and economic conditions in the 
United States which may be unfavorable 
for the admission of immigrants are 
given slight consideration in our legis- 
lation. Immigrants are, on the whole, 
admitted in bunches, so many of such 
nationality in a certain period of time. 
A closer correlation between conditions 
in the United States and the number and 
types of immigrants might well make our 
laws more enforceable, but so little ex- 
perimental work in this field has been 
done that we can do no more than ex- 
press a hope. 

Let us now assume for the sake of 
argument that the legally established 
tests for admissible immigrants are the 
best which can at present be devised, and 
that prospective immigrants are being 
subjected to them with discrimination. 
Granting such to be the case, loopholes 
for illegal entry would still be plentiful 
in the many exceptions which permit 
aliens to land in excess of quotas and in 
some cases after superficial examination. 

Alien seamen, for illustration, have 
been allowed to land for sixty days for 
the purpose of reshipping for foreign 
shores. When these seamen decide that 
their occupational preference lies in the 
coal fields of Pennsylvania, the mills of 
Birmingham or the wheat fields of the 
middle west, it becomes a difScult and 
an expensive task to obtain their depor- 
tation. It is estimated that 38,000 alien 
seamen deserted their ships at United 
States ports during the fiscal year of 
1924 and about 20,000 during 1925. 
Many of these have of course left the 
country. How many we do not know, 
nor is there any way of finding out. 
This one loophole in our legislation, how- 
ever, is considered of such importance 
by Congress that during 1924 and 1925 
over five hundred pages of ^ testimony 
were taken by House and Senate com- 
mittees dealing with this problem alone, 


and no practical means for stopping the 
leak were disclosed.^® 

For a second illustration of the loop- 
holes in the immigration legislation, one 
may turn to the quota act of 1924, which, 
be it good or bad, has as its main pur- 
pose the limitation of the number and a 
qualitative selection of industrial and 
agricultural workers who may become 
more or less permanent residents of our 
country. This purpose is in part de- 
feated by important special exemptions 
from the normal quota provisions. 

It has been indicated that almost a 
half million aliens were admitted during 
the fiscal year 1926. Of this number, 
less than half, or 157,432, were charged 
to the various quotas. The remainder 
included 88,768 ‘‘non-immigrant aliens’' 
and 249,916 non-quota immigrants. 
These non-immigrants include such 
groups as the following 

Temporary viiitors for 

BuBineBB - 19,951 

Pleaeuro - 36,668 

In continuous transit through the U. S.... 26,674 
Ministers of religious denominations, 

their wives and ohildreiL 1,386 

Students - 1,920 

Such groups present tremendous prob- 
lems to our enforcement officers, prob- 
lems which have not been solved and will 
not be solved except through an increajae 
in governmental employees and expen- 
ditures. University officers will tell you 
how they must constantly be on their 
guard in admitting foreign students in 
order to avoid serving as aids in violat- 
ing immigration restrictions.^^ Euro- 
peans have heard the call to religious 
service just as they made up their minds 
to emigrate to America. A pleasure trip 

H. of Bep., Com. on Imm. and Nat., Serial 
2B and No. 69.1,6; and Senate Oom. on Imm., 
Hearingi on March 18, 1926. 

There are hundreds of schools and colleges 
of all sorts on the approved list issued by the 
Secretray of Labor (see H. of Bep., Oom. on 
Imm. and Nat., Serial IB, pp. 97-104) and each 
has its own entrance requirements and general 
standards. The resulting confusion is obvious. 
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has many definitions. It is not impossi- 
ble for an alien to change his status 
from one of the above groups to a group 
in the limited class. The job then is to 
catch and deport him. 

The deportation of undesired aliens 
after they have entered our land is even 
more difficult than their rejection at the 
port of arrival. Commissioner General 
Hull stated in his report for 1925 that 
^‘the experience of the fiscal year just 
closed has demonstrated the accuracy of 
the statement made a year ago that the 
deportation of aliens found to be unlaw- 
fully in the United States is rapidly 
becoming one of the most important 
functions of the Immigration Service.*’ 
Of the 7,233,595 unnaturalized aliens 
found in the United States by the census 
of 1920, possibly 20 per cent, are here 
illegally.^* Nine thousand, four hun- 
dred and ninety-five aliens were sent out 
of the country during the year men- 
tioned by Mr. Hull. Ten thousand, nine 
hundred and four were deported during 
the fiscal year 1926.* That there are 
thousands more illegally remaining is 
admitted by the Immigration Service 
and by the legislators who drafted the 
acts now in force, and this fact is ac- 
cepted by them as a matter of course.'® 

Many of these illegal residents (I do 
not know what proportion) are such 
because of their illegal entry. They 
have sneaked across the border, entered 
as seamen or passed inspection falsely. 
Most of them can not now be located 
except by some such radical measure as 
a complete alien registration. Our Sec- 
retary of Labor has recommended such 
a provision, and Mr. Hull has accepted 
it as the only way out of a difficult situa- 
tion.'* However, if these aliens have 

18 Annual Kept, of Com. Gen. of Imm., 1925, 
pp. 9, 12. 

18 See atatemente of Mr. Curran, former Com- 
miaaioner of Immigration at Ellia Island, in H. 
of Bep., Com. on Imm. and Nat., Serial IB, 
p. 12 ff. 

i« Annual Kept, of Com. Gen. of Imm., .1926, 
pp. 13, 26. 


escaped our boundary guards, how much 
more tedious and expensive will it be to 
detect them in our cities and on our 
farms. 

Other aliens have rendered themselves 
obnoxious while legal residents in our 
country. Certain criminals, political 
radicals, paupers, prostitutes and im- 
moral individuals are legally though not 
always actually deportable.'® Whatever 
the merits of such reasons for deporta- 
tion, adequate enforcement measures 
have not been provided. 

For example, only 412 of the immoral 
classes and 793 criminals were departed 
in the fiscal year 1926, though many 
times those numbers from the millions 
of aliens in our country have made them- 
selves liable to expulsion for such rea- 
sons.'® I quote from Dr. H. H. 
Laughlin : 

Of course the present law contemplates keep- 
ing out of the United States all aliens who are 
likely to become public charges, but there are 
so many loopholes in the administration of the 
law that when one makes a first hand invest!* 
gation of the custodial institutions of the 
country be finds many aliens in them in viola- 
tion of the purpose of our immigration laws, 
particularly of the act of 1917, 

For example, during our survey of 1922 we 
found in 445 of the larger custodial state in- 
stitutions in the United States approximately 
44,587 foreign -bom white peraons who entered 
the United States in violation of the spirit of 
the law. The reasons they have not been de- 
ported are, first, some' have been in the United 
States longer than five years and consequently 
they are not deportable under present law ; sec- 
ond, many of these state custodial institutions, 
of which there are approximately 700 in the 
United States, do not feel that it is incumbent 
upon them to take the initiative in deporting 
deportable persons.^^ 

Dr. Laaghlin might have added other 
reasons of practical administration 
which make it probable that only a few 

16 Jenks and Lauck, ''The Immigration Prob- 
lem," 6th ed., pp. 582-688. 

IS Annual B^t. of Oom. Gen. of Imnu, 1995, 
pp. 159-168. 

IV H. of Bep., Oom. on Imm. and Nat., Serial 
IB, p. 65. 



CBIME AND PUNISHMENT 


445 


of our present deportables ever will be 
deported. A siinple list of such reasons 
wonld be as follows: 

(1) UnwUling^eai of local agencies to cooper- 

ate in the enforcement of a national law. 

(2) The vague legal definition of several causes 

for deportatioDi such as the provision for 
the expulsion of certain political radicals. 
(8) The administrative difficulties of the task 
of locating, convicting and expelling of- 
fenders. 

(4) The expense of the process. 

( 5 ) The necessity for obtaining passports, 

which may be refused or reluctantly 
given in deportation cases by such coun- 
tries as Russia, Turkey, Poland, Ger- 
many and England. Arrested individ- 
uals may also withhold information es- 
sential to the securing of a passport.is 

(6) The inevitable opposition of public opinion 

if the law were carried out to the letter. 

It is consequently not unfair to say 
that our deportation legislation is so 
designed that it can not be justly en- 
forced in regard to even a fair percent- 
age of our illegal residents. On the 
contrary, it is subject to grave misuse, 
as are all such blanket laws, for purposes 
of persecution and political advance- 
ment, as was so commonly charged dur- 
ing the regime of a former attorney 
general. However, in view of the gen- 
eral post-war 100 per cent. Americanism 
agitation, supported and kept alive by 
numerous active and powerful patriotic 
propagandist organizations, there is lit- 
tle likelihood of any real change in the 
near future. 

It is thus evident that whatever bene- 
fits have resulted from our immigration 
end deportation laws (and there have 
been important benefits therefrom) there 
are nevertheless unjustifiable violations 
in spirit and letter which are all too fre- 
quent, though unavoidable by the nature 
(rf the situation, which permit thousands 

H. of Bop,, Oom. on Imm. and Nat., Serial 
IB, p. 18. 


of aliens illegally to enter and illegally 
to remain in the United States.** 

Were we to include the violations of 
our naturalization laws, which might 
well be considered an integral part of 
our immigration legislation, the outlook 
would be even more dismal. Space for- 
bids such an inclusion. We must turn 
to a consideration of the means for 
amelioration of present conditions. 
Three major suggestions can be offered. 
They are the usual suggestions offered 
for the repair of any system of laws 
which does not function smoothly. 

First, we may rely on more and more 
stringent laws, and an enforcing staff 
increased in numbers and efficiency. 
This is the plan which now seems to be 
in favor with our law-makers, our Immi- 
gration Service and the public. It is 
usually the first and most obvious pro- 
posal. A casual reading of Senate and 
House committee hearings demonstrates 
the frantic search for laws without loop- 
holes. The Immigration Service is a^- 
ing for additional men and money. A 
border patrol has recently been estab- 
lished, and is doing good work, but since 
its very beginning it has been insisting 
that it can not do efficient work without 
additional funds. More immigration 
inspectors are constantly being requested 
for our ports and for deportation pro- 
ceedings. Deportable aliens have admit- 
tedly bem allowed to remain because 
money was not available to pay their 
passage out of the country. There is no 
end to these requests in sight. If there 
were, we might feel inclined to grant the 
wishes of the proponents of this plan. 
Meanwhile, it might be well to think of 
the effects of a policy which is resulting 
in separate national police systems to 

Bafford, In Immigration Problemi, ” New 
York, 1886, ahowi some of the tronblea of Ellla 
Iiland offldals in a popularly written account 
of hia eiperleneea there. 
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enforce each separate set of national 
laws. 

Second, there is the possibility of 
adapting onr immigration laws to actu- 
alities rather than to pseudo-scientific 
race theories. This could be done by 
excluding, admitting and deporting 
aliens in accordance with their individ- 
ual qualities, scientifically determined, 
and with proper regard for the indus- 
trial and social capacities of our coun- 
try. Such scientific tests would super- 
sede our present regulations, which are 
in part, a rather large part, based on the 
application of undemonstrated racial 
and social myths. It is interesting to 
note that no recognized leading anthro- 
pologist, biologist, psychologist or social 
scientist was called to testify before our 
Congressional immigration committees 
in the hearings before our recent legisla- 
tion on the subject was adopted. Most 
of the testimony taken was given by 
people who, regardless of their scientific 
or practical qualifications, were unques- 
tionably biased. There is little reason to 
wonder why our laws are not function- 
ing.*® 

Third, a policy of "hands off” has 
many advocates who believe in it not 
only for sentimental reasons but also 
because they are convinced that natural 
laws of population alone can solve such 
problems. As an immediate program 
this seems inadvisable, if only for social 
reasons. There is no likelihood of its 
adoption, for its adherents are relatively 
few. We should dismiss it from consid- 
eration and confine our efforts for im- 
mediate improvement to the first two 
suggestions. 

However, it may be well to remember 

*®For the quality of the “evidence" pre- 
sented by “experts” to Oongressional immi- 
gration committees, see such documents os H. 
of Bep., Com. on Imm. and Nat., Serial IB, 
2A, Nos. 69.1.0 and 69.1.11 as typical of its 
nnmerons hearings. 


the possibility that the ultimate solution 
to our immigration problems may be 
based on the idea of natural population 
laws, as the advocates of a "hands off” 
policy so stoutly maintain. 

After all, people do not migiate be- 
tween* countries having equal ratios of 
resources to population, and in view of 
the rapid expansion of the United States 
since the Civil War, it may not be so 
many years, historically considered, be- 
fore the motive which is causing these 
hundreds of thousands of aliens to press 
upon our shores has disappeared. For 
the present, we must guard against the 
relatively temporary troubles which 
necessarily accompany periods of popu- 
lation adjustment. 

Science, not race prejudice, not 100 
per cent. Americanism, not economic 
selfishness, not religious bigotry, not 
even pseudo-science, must furnish that 
temporary guard. A few fiexible pro- 
tective measures which are in accord 
with modem knowledge of race and race 
relations can now be recommended in 
general terms. They have, I believe, the 
merits of the scientific method and of an 
elasticity which permits adjustment to 
changing conditions. They will not stop 
all immigration law violations, for smug- 
gling, at least, will continue regardless 
of the scientific or unscientifle nature of 
our legislation, as long as residents of 
other countries have any incentive to 
come to ours. Improvement should 
nevertheless result from the adoption of 
the following recommendatiems. 

First, eliminate the impossible mental 
and moral desirability tests from the 
present legislation. As a substitute for 
the present scatter-shot method, it is 
suggested that broad powers to exclude 
or deport objectionable aliens will be 
given to responsible officials who will act 
on individual cases rather than blindly 
follow blanket laws. 
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Second, iinniie:rants ehonld be selected 
on their individual merits rather than 
on a racial or national basis. 

Third, the quantity and quality of im- 
migrants admitted should be limited by 
the economic needs of the United States, 
determined from year to year by a fact- 
finding commission. 

Fourth, the admissibility of an immi- 
grant should be determined in his home 
country through the cooperation of the 
foreign government concerned, our Con- 
sular Service, our Public Health Service 
and possibly the transportation company 
involved. (This recommendation is now 
being put into operation.) 

Fifth, adequate supervision of resi- 
dent aliens should be maintained through 
the cooperation of the federal govern- 
ment with existing public and private 
agencies, such as hospitals, jails, courts, 


police, schools, philanthropic associa- 
tions, and the Uke. In view of the mul- 
titude of existing social facilities which 
could be utilized in alien supervision 
with but little annoyance to the agencies 
or to the foreign element, it seems worse 
than useless to establish a cumbersome 
national immigrant registration system. 

Sixth, a governmental program for 
the social assimilation of the immigrant 
is badly needed. It could be developed 
as a part of our fifth recommendation. 

These recommendations find little op- 
position among students of race and 
population problems and could be of 
great value in a program for immigra- 
tion law enforcement. Their enactment, 
however, will be impossible until the 
scientific facts on which they are based 
are known to more than a handful of 
specialized students. 
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The story of Sir Isaac Newton’s dis- 
covery of the law of gravitation illus- 
trates well the importance of little 
things. In 1666 a plague was devastat- 
ing Europe and because of it Newton 
was forced to return home from the uni- 
versity at Cambridge. He was then 
twenty-four years old. One day in 
August while he was sitting in Iiis gar- 
den under an apple tree an apple fell to 
the ground; a commonplace event, but 
in Newton’s mind it raised the ques- 
tions: “What is the mysterious force 
that causes the apple and all other bod- 
ies to fall toward the center of the 
earth f Under what law does it operate? 
Does it pervade all space? If so, it 
probably varies with the masses involved 
and inversely with the square of the dis- 
tance between them.’’ Newton inferred 
^rther that the planets are held to their 
courses around the sun by this same 
force; likewise the moon in its orbit 
around the earth. 

To test the law he compared the dis- 
tance through which heavy bodies fall 
in a second of time at the earth ’s surface 
with the distance the moon falls in the 
same time toward the center of the 
earth. He found that the moon in its 
orbit falls toward the earth 1.4 mm in a 
second, whereas on the basis of his new 
law he computed that it should fall 1.02 
mm in a second; a large discrepancy. 
He therefore concluded that some other 
factor must enter the problem to modify 
the result and turned his attention for 
the time being to other problems, not 
realizing that in his computations he had 
assumed an incorrect radius of the 

iLaetare given at the Carnegie Inetitatlon 
ot Waebington on November 27, 1926. 


earth, sixteen years later he learned of 
the measurement of a degree of latitude 
by M. Picard, of France; with the new 
value he recomputed the acceleration of 
the moon toward the earth, on the basis 
of the law of gravitation, and found it 
to agree with that deduced from the 
moon’s orbit. A year later, in 1683, he 
communicated his results to the Royal 
Society and included a dozen proposi- 
tions on the motion of the planets that 
had been previously deduced empirically 
by Kepler from actual observations. 

Since Newton’s time the subject of 
gravity and gravitational attraction has 
been under constant discussion ; but 
there are still many features about which 
we need information, especially when we 
consider problems involving gravity as 
one of the factors. 

There are in geology many problems 
that require for their solution considera- 
tion. of conditions that are at present 
beyond the range of our experience. We 
live on the surface of the earth and we 
are prone to interpret things in terms 
of what we see here. To us the moun- 
tains are enormous and the oceans are 
exceedingly deep at certain points. But 
if we view the earth from a distance we 
realize that, in comparison with the 
diameter of the earth, the heights of the 
mountains and the depths of the oceans 
are exceedingly small; so small in fact 
that, if on a globe three feet in diameter 
the Himalaya Mountains were repre- 
sented to scale, they would appear to 
have the thickness of only two postal 
cards, and the thickness of the part of 
the earth’s crust accessible to us would 
be represented by a layer of five postal 
cards. 
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NeverthelMB by experiment and by 
field obserration we are learning much 
about the form of the earth, its interior 
and its composition. The study of geol- 
ogy is now passing through one of the 
most interesting phases of its develop- 
ment, and this is due in large measure 
to the fact that more exact data are be- 
coming available by which the correct- 
ness and adequacy of any suggested 
hypothesis can be tested. 

Of the many factors that enter geo- 
logical problems gravity is one of the 
most important. It is not only of theo- 
retical interest but also of Immediate 
practical value to certain industries, 
especially the oil and mining interests. 

How is gravity measured f All meth- 
ods for measuring gravity in the field 
famish only relative and not absolute 
values; they may conveniently be 
grouped into several classes according to 
the particular physical property that is 
chosen for measurement. The quantity 
to be evaluated is the earth’s pull at a 
given point. The degree of accuracy 
requir^ is one or two parts in a million. 

The method suggest^ first by Newton 
for this purpose and the only one that 
has thus far proved entirely satisfactory 
is the method based on the free swing- 
ing pendulum. In its modem form, it 
consists of a support on which several 
pendulums may be swung if desired. 
Probably the best model is that mritle 
and used by the U. S. Coast and Geo- 
detic Survey. Not only must proper 
supports and proper shaped pendulums 
be employed ; but many factors, such as 
temperature, pressure, arc of the swing- 
ing pendulum and the swinging motion 
of the supports, must > be taken into ac- 
count and^ proper corrections made for 
them. The re^t is that much time is 
needed to make an accurate measure- 
ment of gravity. 

Recently Dr, Vening Meinesz, of Hol- 
land, has been successful in applying the 
pendulum method to the measurement of 


gravity at sea. For this purpose he uses 
three pendulums mounted to swing in 
the same plane. By means of mirrors 
attached to each pendulum and by al- 
lowing light to be reflected from them 
to a movable photographic sheet he ob- 
tains a record of curves that enables him 
to eliminate the horixontal accelerations 
of the points of suspension due to the 
movement of the ship, providing this 
movement is not too large. Thus far he 
has made satisfactory measurements 
only on board a submerged submarine. 
He has recently travelled across the 
Atlantic, through the Panama Canal and 
across the Pacific to the Dutch East In- 
dies and made measurements along the 
course. These measurements are of the 
greatest value because of the information 
they give us regarding the shape of the 
earth. 

The free swinging pendulum method 
depends primarily on the measurement 
of time. For this purpose accurate 
chronometers are used, also radio time 
signals. At present an effort is being 
made at the Bureau of Standards to use 
a tuning fork to serve as an accurate 
time source in place of chronometers or 
time signals. If these experiments are 
successful the time required for a grav- 
ity measurement will be greatly short- 
ened. 

Another group of methods is based cm 
the elastic deformation mther of a gas 
or of a solid. Of the gas deformation 
type two instruments have been devised, 
one by W. Q. Duffield and another by 
Ij. J. Briggs. In the DufSeld type gas 
is enclosed in a glass chamber and is 
held at constant volume by mai ti tAiT iiiig 
mercury at a definite contact level. 
Settings are made by altering the level 
of the mercury in an adjacent column 
until contact at the given level is just 
established. In the Briggs apparatus a 
glass cylinder is filled with nitrogen 
which is maintained at constant volume 
by a column of mercury whose height 
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depends an the weight of the mercury 
itself, and this in turn on the gravity 
pull. The temperature is held constant 
by Immersing the entire apparatus in an 
ice bath. The height of the mercury 
< 5 olumn is adjusted by bending a small 
zigzag capillary tubing above the gas 
^jylinder. The chief defects of these 
types of apparatus are gradual changes 
in the glass apparatus itself, its sensi- 
tiveness to external conditions, such as 
temperature and barometric pressure, 
and to the pumping effect when observa- 
tions are made at sea. 

Of the solid elastic deformation types 
of instruments, three may be mentioned, 
namely, the quartz thread balance of 
Threlfall and Pollock, a new type that 
is being developed at the Geophysical 
Laboratory, and the Eotvos balance. 
The Threlfall and Pollock apparatus 
was developed in the nineties of the last 
century in Australia. It consists essen- 
tially of a very fine silica glass thread 
or fiber held horizontally between two 
supports, one of which is rotatable 
about an axis. Attached to the silica 
glass fiber at its center is a light cross 
arm. By rotating one support the 
thread is twisted and the cross arm is 
gradually raised to the horizontal posi- 
tion ; approximately three complete 
turns about the axis are required to do 
this. The angle of twist is read off by 
a sextant. The position of the end of 
the arm is observed through a micro- 
scope. With this apparatus Threlfall 
and Pollock carried out some field deter- 
minations and concluded that under 
favorable conditions the values were 
accurate to better than one part in 100,- 
000, or to 10 miUidynes. 

In any static apparatus which is to 
measure to one part in a million a num- 
ber of factors enter that can not be 
avoided. Among them are: (1) Lack of 
perfect elasticity in the materials used; 
(2) the relatively large effect of temper- 
ature on their rigidity ; (3) the difficulty 


of suppressing vibrations in the elastic 
system. In the Geophysical Laboratory 
instrument, which is similar in principle 
to the Threlfall and Pollock balance, 
tungsten wire is used in place of silica 
glass fibers; the damping of the elastic 
vibrations is accomplished by the use of 
the tapering spirals combined with the 
cross arm near its position of horizontal- 
ity. In this apparatus there is no fixed 
zero point, the reading being the number 
of turns required to carry the arm from 
one position of horizontality to the sec- 
ond. This is of the order of five to eight 
complete turns. Eeadings to ten sec- 
onds of arc are made or, under these 
conditions, to about one part in a mil- 
lion. Temperature corrections are elim- 
inated to a large extent by embedding 
the apparatus in ice. The humidity is 
maintained constant; also the pressure. 
One part in a million means control of 
the temperature to .02° C. 

The behavior of the elastic system it- 
self is most remarkable. Hooke’s law of 
proportionality between applied load 
and resulting deformation actually does 
not apply to one part in a million but 
is valid to less than one part in 10,000. 
When a load is applied the rate of de- 
formation is rapid at first but falls off 
with the time according to a definite 
law ; under load the deformation contin- 
ues for days and even years but with 
ever-decreasing rate, so that after a year 
it is hardly perceptible. Sir Richard 
Threlfall has informed me that his silica 
glass thread after bearing a load for 
thirty years shows no measurable change 
even after many days’ observation. 

This so-called elastic afterworking is, 
I believe, a surface effect. A surface is 
one of discontinuity and even though in- 
side a single crystal perfect elasticity 
may obtain for small loads, at its sur- 
face the strains are probably not regu- 
larly distributed and give rise to the 
elastic afterworking. If given time the 
elastic deformations produced by light 
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loads no doubt return to the original 
Gonfiguration, at least to one part in a 
million. Experience with the tungsten 
spirals has proved that in case of dis- 
tortion in one direction (say right- 
handed twist), if the cross arm is raised 
to the opposite direction the untwisting 
begins at the point reached by the arm 
in the first position and so on. In fact 
the development of the torsion gravity 
instrument is contributing much to our 
knowledge of elastic afterworking and 
of the law it obeys. It is astonishing to 
find how accurate is the elastic memory 
of a piece of tungsten wire. It means 
that in order to obtain concordant re- 
sults with a method based on the elastic 
deformation of a solid the observer must 
follow very closely a definite procedure 
and adhere to it strictly if an accuracy 
of one part in a million is to be attained. 
To work out the most favorable proce- 
dure requires much testing and more 
time than one might think. Suffice it to 
state that in our tests at the Geophysical 
Laboratory Mr. England and I are mak- 
ing progress. 

Another instrument is the Eotvos tor- 
sion balance for the measurement of the 
horizontal components of gravity. It is 
in effect a modification of the Cavendish 
balance. A light aluminum cross beam 
is suspended horizontally by a long fine 
platinum-iridium wire. At one end of 
the beam a metal mass is attached; at 
the other end an equal mass is suspended 
by a fine wire. \^en the instrument is 
set up, the horizontal pull by a mass of 
heavy material below the surface is 
greatest on the nearer lower mass sus- 
pended from the end of the beam. The 
beam is deflected horizontally a measur- 
able amount. Eotvos showed that he 
was able to measure with this balance 
extremely small attractions amounting 
only to 10"® dynes. With it the horizon- 
tal components of gravity are ascertain- 
able, also the gravity gradients or 
changes in gravity with distance in the 


N-8 and E-W directions; also the dif- 
ference between the principal radii of 
curvature of the geoid surface, and the 
directions of the principal sections of 
that surface; in short, the shape of the 
geoid surface itself, provided a sufficient 
number of stations are occupied and the 
absolute value of gravity is taiown at one 
point. The Eotvos balance has rendered 
very valuable service to the oil companies 
in this country and abroad in the loca- 
tion of salt domes and other subcrustal 
inhomogeneities. 

We have now described briefly several 
methods for measuring gravity. Let us, 
before proceeding to the discussion of 
the significance of gravity data, take an 
excursion to the surface of the moon and 
seek to interpret some of its surface 
forms in the light of the conditions that 
prevail there, namely gravity about one 
sixth of that on the earth and no atmos- 
phere or running water. This is a more 
difficult task than one might imagine, be- 
cause we geologists have been accus- 
tomed from childhood up to look upon 
the land forms we see as the result of 
the action of a number of forces, among 
which water in its several forms and the 
atmosphere play a decisive part. 

In order to bring our minds to bear 
upon the moon and its surface features, 
let us consider first the experience that 
an artilleryman would have on the moon. 
Were he to fire a 75-mm gun on the earth 
his ranges would be between 9,000 and 
15,000 yards (5.1 and 8.5 miles) depend- 
ing on the type of his field piece. On 
the moon his ranges would be very much 
greater, namely 230 to 280 miles or 
more. Were he to fire a Big Bertha, 
such as the Germans used against Paris 
during the war, with a muzzle velocity 
of a mile a second, the range, instead of 
75 miles, would be 2,250 miles or over 
one fourth the distance around the moon. 
In other words for the same charges the 
ranges on the moon are twenty-five to 
forty fold those on the earth. 
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What is the significance of this ex- 
treme dispersion t Consider a volcano in 
action on the moon. Its materials are 
hnrled into space with velocities like 
those on the earth ; but instead of falling 
back into the crater as on terrestrial 
craters they are flung far and wide. 
The crater floor is left cleaned out down 
to the molten lava if lava be there. This 
factor of great dispersion must be ade- 
quately considered in any discussion of 
the moon's surface features. There 
gravity is so reduced that rocks weigh 
only one sixth as much as they do on the 
earth. Everything so far as structural 
strength is concerned is on a Brobding- 
nagian scale. 

With these relations in mind let us 
consider the two theories of the forma- 
tion of lunar craters that have aroused 
the most discussion, namely, the volcanic 
and the meteor impact theories. Objec- 
tion to the volcano theory has been made 
because lunar craters do not resemble 
terrestrial craters in detail. I submit 
that under the conditions that obtain on 
the moon, one can not expect much simi- 
larity between lunar and terrestriaj cra- 
ters. We have not yet established ade- 
quate criteria by which we can test the 
theory of the volcanic origin of the cra- 
ters. On the other hand, it has been 
asserted as a strong argument against 
the meteor impact hypothesis that the 
craters are almost uniformly circular in 
outline, whereas one should expect ellip- 
tical shapes to be developed by meteors 
striking the surface at low angles. In 
the first place, it is not certain that this 
is mechanically necessary ; in the second, 
when we realize that meteors strike the 
moon at full speed without retardation 
by an atmosphere as on the earth, a 
situation arises that needs investigation. 
Under these conditions the meteor pro- 
jectile traveling, say, 10 to 20 km per 
second on impact penetrates some dis- 
tance into the moon’s crust, sets up an 
aureole of intense compression which re- 


bounds elastically and ejects some ma- 
terial. Moreover, by the abrupt stop- 
ping of the meteor its kinetic energy of 
translation is available both for mechan- 
ical deformation and for conversion into 
heat sufiScient to melt the meteor itself 
and the adjacent rocks, to set free oc- 
cluded gases and even to volatilize some 
of the material, thus producing an ex- 
plosion analogous to a volcano in its 
action. In case the meteor were to pene- 
trate deeply to a molten layer of rock a 
real volcano would result. In either 
case the original shape of the crater 
would be much changed by the action 
of forces set up by the impact. The 
circular shape of the craters on the moon 
may not be therefore construed as an 
argument against the meteor impact hy- 
pothesis. More data are required before 
a definite decision can be arrived at 
regarding the mode of origin of these 
craters, to say nothing of other perplex- 
ing features on the moon. 

Returning now to the earth we find 
that its surface, like that of the moon, 
is also irregular with mountains and 
ocean deeps. The question arises, “How 
are these mountain masses sustained t 
Why do they not spread out and become 
flat like the plains!” Geologists have 
observed that the land, which we con- 
sider to be so stable, has in the past risen 
and sunk repeatedly, also moved later- 
ally, so that at many places rocks origi- 
nally in horizontal beds are now folded, 
tilted and crumpled as though there the 
earth’s crust had been shortened by very 
appreciable amounts. What have been 
the causes of these movements, both ver- 
tical and horizontal! 

Geologists realize that in problems of 
this kind we are considering conditions 
beyond the range of our experience and 
we seek primarily to gather all possible 
facts that bear on the problem so that in 
the light they shed we can test this and 
that hypothesis. We must expect the 
advancement of all so^ of hypotheses 
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to account for the obaerved relations and 
realize that in the present development 
of the science no single hypothesis is 
entirely acceptable. One of the most 
important facts bearing on these prob- 
lems is that expressed by the term 
isostoBy. 

Three quarters of a century ago it 
was found in Northern India by tri- 
angulation that the difference in latitude 
between two places Kdlianpur and Kalir 
ana was 5°23'42.294'', whereas the astro- 
nomical observations, referred to the 
plumb line as zenith, showed a difference 
of 5‘*23'37.058''', a discrepancy of 5.236" 
between the two methods. Ealiana is 
only sixty miles south of the Himalayas, 
and it was thought that the attraction of 
the mountains had affected the plumb 
line. But Archdeacon Pratt proved on 
calculation that if the average density 
of the Himalayas were 2.75, the dis- 
crepancy should have been 15.885", or 
three times that actually found. Sir 
George Airy suggested in 1855 that the 
mountains must therefore be supported 
from beneath and are, as it were, floating 
on a denser substratum as a log or an 
iceberg floats in water. The iceberg, 
with a density less than that of water, 
extends downward into the water to a 
distance such that the mass of the dis- 
placed water is exactly that of the berg. 
Hence the attraction due to the berg on 
a plumb line set up some distance away 
would offset by the attraction, in the 
opposite direction, of an equal mass of 
ocean water and there would be no ap- 
preciable deflection. To quote Airy : 

1 coneeiTe that there con be no other sup- 
port than that arising from the downward pro- 
jection of a portion of the Earth's light crust 
into the dense lava; the horisontal extent of 
that projection corresponding widely with the 
horizontal extent of the tableland, and the 
depth of its projection downwards being such 
that the increased power of dotation thus 
gained is roughly equal to the increase of 
Weight above the prominence of the tableland. 
— ^It is supposed that the crust is floating in a 


state of equilibrium. But in our entire ignor- 
ance of the modus operandi of the forces which 
have raised submarine strata to the tops of 
high mountains, we can not insist on this as 
absolutely true. We know that it will be so 
to the limits of breakage of the tablelands; 
but within those limits there may be some range 
of the conditions either way. It is quite pos- 
sible that the immersion of the lower projection 
in the lava may be too great, as that the eleva- 
tion may be too great; and in the former of 
these cases the attraction on the distant stations 
would be negative. Again reverting to the con- 
dition of breakage of the tablelands, it will be 
seen that it does not apply In regard to such 
computations as that of the attraction of Sche- 
hallien and the like. It applies only to the 
computations of high tracts of very great hori- 
zontal extent, such as those to the north of 
India. 

Archdeacon Pratt objected to Airy's 
flotation hypothesis on the grounds that 
it postulates a comparatively thin crust ; 
that the crust is lighter than the liquid 
substratum on which it floats ; and that, 
just as a protuberance outside the thin 
crust is accompanied by a protuberance 
inside down into the liquid, so a hollow, 
such as occurs in deep seas, postulates a 
corresponding hollow beneath it; this 
leads to a law of varying thickness which 
no process of cooling could have pro- 
duced. Pratt suggested in 1859 and 
1864 that : 

Below the sea level under mountains and 
under plains there is a deficiency of matter, 
approximately equal in amount to the mass 
above sea level; and below ocean-beds there 
is an excess of matter approximately equal 
to the deficiency in the ocean when compared 
with rock; so that the amount of matter in 
any vertical column drawn from the surface 
to a level surface below the crust is now and 
ever has been, approximately the same in every 
part of the earth. — In order to attack this 
problem mathematically it is necessary to 
assume some law of distribution of the mass, 
that the calculation may be possible. I assume 
that the deficiency or excess of matter is dis- 
tributed uniformly to a depth bearing a fixed 
ratio to the height of the land or the depth of 
the ocean. The actual distribution most likely 
differs from this. But this is taken as an aver- 
age. Wo must expect, for these reasons, to 
find that the hypothesjs is not satisfied with 
exact precision. 
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Archdeacon Pratt’s main hypothesis 
accounts, then, for the development of 
surface features as due to the vertical 
expansion of columns of rock down to a 
certain depth ; the expansion is the same 
at all points of the same column, but 
differs from column to column. In 
other words, below mountain areas there 
is a deficiency of mass down to a certain 
level, while under the oceans there is an 
excess of mass down to the same level at 
which level the pressure is practically 
uniform in all directions. In his later 
paper of 1871 Pratt mentions other 
causes that affect crustal conditions: 

Aa the cruat contracted and brought into play 
the prodigious force of compression, which 
would inevitably cause the crust to give way 
at the weakest part and produce anticlinal lines, 
erushing, sliding and interpenetration, there 
would be a slight increase of mass in some 
parts on this account. 

Both Airy and Pratt recognized that 
the compensating cause must be looked 
for in a deficiency of matter below ele- 
vated land areas and an excess of matter 
below ocean deeps. Pratt especially re- 
fers repeatedly in his papers to the 
higher densities of sub-oceanic roCks. 
The two writers do not agree, however, 
on the mechanism, by which this state 
of equilibrium or balance is attained and 
maintained. The two hypotheses are 
still under discussion and ^al decision 
regarding their relative merits has not 
yet been reached. Notwithstanding this 
uncertainty regarding its mode of opera- 
tion, the facts of geodesy and geology do 
show that this theory of isostasy, as it 
was first called by Dutton in 1889, is 
valid and that the earth’s crust rests 
approximately in equilibrium upon a 
heavier substratum that yields slowly to 
stresses and acts over the span of geo- 
logic periods as though it were a liquid. 
On this theory large elevated areas are 
raised because, like the icebergs, they are 
of lighter material than the adjacent 
lower lying masses and float in equilib- 


rium on the subjacent heavier layer. 
Conolusious of this character were drawn 
by Pratt from a series of pendulum ob- 
servations made in India in 1865. 

Dutton defined isostasy as follows ; 

If the Earth were composed of homogemeons 
matter its normal figure of equilibrium would 
be a true spheroid of revolution; but if hetero- 
geneous, if some parts were denser or lighter 
than others, its normal figure would no longer 
be spheroidal. Where the lighter matter was 
accumulated, there would be a tendency to 
bulge, and where the denser matter existed 
there would be a tendency to flatten or depress 
the surface. For this condition of equilibrium 
of figure, to which gravitation tends to reduce 
a planetary body, irrespective of whether it is 
homogeneous or not I propose the name iaoaiaay. 

In discussing the subject further Dut- 
ton notes that in areas in which deposi- 
tion is taking place subsidence is the rule, 
while in regions where erosion is active, 
elevation predominates. To quote fur- 
ther: 

It seems little doubtful that these subsidences 
of accumulation deposits and these progressive 
upward movements of eroded mountain plat- 
forms are, in the main, results of gravitation 
restoring the isostasy which has been disturbed 
by denudation on the one hand and by sedimen- 
tation on the other. The magnitudes of the 
masses which thus show the isostatio tendency 
are in some cases no greater than a single 
mountain platform less than 100 miles in length, 
from 20 to 40 miles wide and from 2,500 to 
8,600 feet mean altitude above the surrounding 
lowlands. 

lu his paper Dutton does not specify 
a definite thickness for the crust. Rea- 
soning as a field geologist he infers that, 
coupled with the lateral transfer of ma- 
terial on the snrface of the earth, there 
must be aubcmstal transfer of material 
in the opposite sense. He affirms : 

Whenever a rise of land occurs one of two 
things has taken place; the region aifected has 
either gained an accession of mass or a mere 
increase in volume without increase of mass. 
We know of no cause which could either add 
to the mass or diminish the density, yet one of 
the two must surely have happened. But the 
difference of the two alternatives in respeet to 
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conseqaencM iB immenBe. If the increase of 
Yolume or an elevated area be due to an acceB- 
eion of matter, the plateau must be hoisted 
against its own rigidity and also against the 
statical weight of its entire mass lying above 
the isostatic level. But if the increase of vol* 
ume be due to a decrease of density there is no 
resistance to be overcome in order to raise the 
surface. Hence I infer that the cause which 
elevates the land involves an expansion of the 
underlying magmas and the cause which do- 
presses it is a shrinkage of the magmas. The 
nature of the process is, at present, a complete 
mystery. 

Previous to the publication of Dut- 
ton’s paper, geodesists in Europe espe- 
cially had taken great interest in this 
problem because of its bearing on the 
larger problem of the exact figure of the 
earth and had developed several differ- 
ent methods for comparing the observed 
values of the deflection of the plumb line 
and also for gravity with those deduced 
from the theoretical spheroid of rota- 
tion. The first method was due to 
Bouguer in 1749; in his reduction of 
gravity values account is taken of the 
height of the observation station above 
sea level and also of the rock mass be- 
tween it and sea level. His formula is 
based on the assumption that the crust 
is strong enough, without deformation 
below sea level, to support loads above 
sea level; the assumption is also made, 
but for computation purposes only, that 
the rock mass between any station and 
sea level is in the form of a horizontal 
plate extending indefinitely and of aver- 
age surface density. This formula re- 
sulted in anomalies roughly proportional 
to the height of the station, and becom- 
ing quite large in elevated regions. This 
result naturally led to the free air re- 
duction method, in which the mass of 
the mountain is disregarded altogether, 
and oorreotion is made only for height 
above sea level. While this method 
largely eliminated the anomalies in ele- 
vated level regions, it gave results in 
mountaineus regions sometimes even 
more discordant than those with the 


Bougpier formula, the anomalies having 
a distinct relation to the height of the 
station above or below the surrounding 
region. While the free air reduction is 
a crude application of the idea of isos- 
tasy, it has been shown that it over- 
compensates for a station above the 
average level of the region, and under- 
compensates for a station below the aver- 
age level. 

The theory of isostasy, as expressed 
by Dutton from a geologist’s viewpoint, 
aroused much discussion. In the United 
States the first serious effort to test the 
theory was made by Dr. George R. Put- 
nam in 1894 and 1895, while he was a 
member of the U. 8. Coast and Geodetic 
Survey. He determined the relative 
force of gravity at thirty-eight different 
stations, widely distributed over this 
country, and reduced these and twenty- 
nine earlier observations on coasts and 
islands, by a method which he called the 
Faye or average elevation reduction 
method, but which was actually a new 
method devised by him and a great im- 
provement over the Bouguer and free air 
reduction methods. Instead of subtract- 
ing the attraction due to the entire mass 
between the station and sea level or of 
disregarding it altogether, Putnam con- 
sidered only the attraction of a plate of 
thickness equal to the height of the sta- 
tion above or below the average elevation 
of the surrounding topography within a 
radius of one hundred miles. In addi- 
tion Putnam applied a correction for 
departure of the topography about a 
station from that of a horizontal plain, 
following the customary practice of sub- 
dividing the region into zones and com- 
partments, where this topographic cor- 
rection was appreciable. The values ob- 
tained by Putnam by this simple method 
accord remarkably well with those ob- 
tained much later by Hayford by a more 
complex but theoretically better method. 
Putnam inferred from his measurements 
and computations that : 
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The resulte of this seriea would therefore 
eeem to lead to the oonclueion that general oon- 
tlnental eleratiouB are compensated bj a ded- 
eieney of deneitj in the matter below sea level, 
pOHibly in much the same way that the portion 
of an iceberg standing abovo sea level is com- 
pensated by the difference in density of ice and 
water below the surface, but that local topo- 
graphical irregularities, whether elevations or 
depreseions, are not compensated for, such ir- 
regularities being maintained by the partial 
ri^ity of the Earth’s crust 

His conclusion is that there is a fairly 
close condition of isostatic equilibrium; 
that the departures from perfect isostasy 
indicate that single mountains may be 
supported as extra loads on the earth’s 
crust; but that these local loads are to 
be considered as regionally compensated. 

Quite independently of Putnam, G. K. 
Gilbert, in discussing the significance of 
Putnam’s results, adopted a reduction, 
similar to that employed by Putnam and 
called by him a reduction to mean plain, 
but he used the average elevation within 
thirty miles of the station instead of the 
one hundred-mile limit adopted by Put- 
nam. Gilbert obtained anomalies similar 
to those derived by Putnam, but ma- 
terially larger. He concluded from his 
results that * * the whole Rooky Mountain 
plateau regarded as a prominence on a 
broader plateau, is sustained by the 
rigidity of the lithosphere.” This con- 
clusion was modified by Gilbert in 1912 
in the light of later data to accord with 
the position taken by Putnam. 

The next investigator in this country 
to consider isostasy was J. F. Hayford. 
His contributions are of the greatest im- 
portance and included investigations not 
only into the defiection of the plumb line 
and its bearing on isostasy and the 
figure of the earth, but also into the 
isostatic compensation of topography 
and its influence on the intensity of grav- 
ity. Dr. W. Bowie collaborated with Dr, 
Hayford in the gravity work and has 
carried it on independently since their 
joint paper of 1912. The work of these 
two men, together with that of the 


geodesists of India and of Helmert in 
Germany, has established the theory of 
isostasy as a fact fundamental in the 
development of the surface features of 
the earth. 

Hayford realized that gravity is uni- 
verse] in its action and in his treatment 
of the problem included the entire sur- 
face of the earth. He adopted the Pratt 
hypothesis of density deficiencies and 
excesses in columns down to a certain 
level; continents exist because the crust 
underlying them is composed of rela- 
tively light material; the floor of the 
ocean is depressed because the crust be- 
low is composed of dense material. He 
prepared a practical and workable 
scheme for computing for any given sta- 
tion the gravity effects produced by the 
masses distributed over the entire 
earth ’s surface down to an isostatic 
depth that he was able to ascertain by 
computation. In this work a definite 
surface of reference is used and the 
value of computed gravity or deflection 
of the vertical for a given station is com- 
pared with the observed value. The dif- 
ference between the observed and the 
computed values is called the gravity 
anomaly. 

In his extended report in 1909 in 
which deflections of the vertical were 
used Hayford considered several differ- 
ent distributions of isostatic compensa- 
tion, namely, uniform compensation ex- 
tending to a depth to be determined; 
compensation concentrated chiefly at the 
surface and decreasing downwards ; com- 
pensation restricted to a layer of given 
thickness, say ten miles, and buried at a 
depth to be ascertained. The sets of 
computed deflections, obtained on the 
basis of these different assumptions, 
agreed so closely that their differences 
were much smaller than the accidental 
errors. He also considered the floating 
crust or Airy hypothesis and found that 
if twenty-five miles be the thickness of 
the crust below areas which are at see 
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level, then beneath mountainous areas, 
such as Nevada, Utah, California, the 
thickness of the crust should be thirty- 
eight miles and all the isostatic compen- 
sation should occur between the depths 
twenty-five and thirty-eight miles below 
sea level. Therefore, the mean isostatic 
depth under mountainous areas should 
be greater than under areas only slightly 
above sea level. Hayford concluded 
that, because his data indicated a greater 
depth of compensation for the latter 
areas than for mountainous areas, the 
fioating crust or Airy hypothesis is not 
valid for the United States. More re- 
cent data, especially by Bowie, prove, 
however, that the depth of compensation 
under mountainous areas is probably 
greater than under areas only slightly 
above sea level. Hayford 's objection to 
this hypothesis is therefore no longer 
valid. 

The hypothesis finally adopted by 
Hayford, namely, that the earth 's crust 
is in a state of perfect isostasy with each 
topographic feature, however small, 
compensated by a deficiency or excess of 
mass directly underneath it, appeared to 
him to be the most plausible and at the 
same time was the simplest to treat 
mathematically. In his earlier investi- 
gations he found the most probable 
isostatic depth to be 113.7 km ; in subset 
quent work he derived from the deflec- 
tion data the value 122.2 km. Later 
work by Bowie has shown that in this 
country the more probable value is 
about 95 km (59 miles) as derived from 
gravity data in mountainous regions; 
when all the stations of the United 
States are used, many of them over 
plains and coastal regions, a lower value, 
60 kilometoi'S (37 miles), was derived, 
but this value is less certain than that 
obtained from the mountain stations. 

Computations by other geodesists and 
by other methods have led to about the 
same or smaller isostatic depths. 

llie features of uncertainty in the 


theory of isostasy are no longer the fact 
of isostasy itself, but rather certain de- 
tails and in particular the mechanism of 
the process. Colonel Burrard, of the 
Indian Ceodotic Survey, has aptly said: 

Geodesy has produced much evidence in favor 
of the view that the condition of iaoetasy exists 
throughout the Earth’s crust, but it has pro- 
duced no evidence of the process by which iso- 
static readjustments are constantly being made. 
Geodesy teaches that in a region where an 
extra load of rook is accumulated, the under- 
lying crust decreases in density and whenever 
rock is removed or eroded the crust underneath 
increases in density. I, therefore, conclude that 
the condition of isostasy is brought about by 
the force of gravitation acting upon a crust, the 
structure of which is not understood. 

Before discussing these details let us 
consider briefly wliat we know of the 
crust of the earth down to a depth of 
say sixty miles. 

(1) In the first place the distribution 
of gravity anomalies proves that what- 
ever is the cause of these anomalies, 
whether extra loads supported by a com- 
petent crust, or inhomogeneities in 
densities of buried rock masses near the 
observing stations, they are local in 
character and near the earth’s surface, 
within one hundred kilometers probably. 

(2) The study of earthquake waves 
and their propagation has proved that 
at a depth of 60 km the velocity of 
propagation is that characteristic of an 
ultrabasic peridotite, such as dunite, and 
not that of a gabbro or granite. 

(3) The depths of the centers of 
earthquake disturbances rarely exceed 
40 km, according to Mohorovicic. 

(4) The thickness of the radioactive 
granite layer, on the assumption that 
radioactivity either falls off exponen- 
tially or is distributed uniformly 
through a layer of finite depth, has been 
shown by Jeffreys to be about 16 km. 

(5) TTie great outpourings of basalt 
over vast areas of the continents indicate 
that not far below, the surface at these 
points there is a layer of basaltic com- 
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pogition heated to a temperature ap- 
proaching the melting region. 

(6) The compositions of the first ten 
miles of the earth crust have been 
ascertained by Dr. H. S. Washington by 
computing the densities from chemical 
analyses of collections of rocks from dif- 
ferent parts of the world. The results 
of his labors prove definitely that conti- 
nental rocks are lighter than ocean basin 
rocks; in particular that the average 
density of the igneous rocks of a region 
varies in the opposite sense as the aver- 
age altitude. By taking into considera- 
tion elevations and assuming that the 
average rock densities for each elevation 
are maintained relatively down to a 
given depth of equal pressure for all 
surface elevations, he finds the depth of 
tins isopiestic level, as he calls it, to 
average about 59 km. 

(7) Prom the data of the average 
elevations of continents Joly has com- 
puted, on the assumption that granite of 
density 2.67 rests on basalt of density 
3.00, a thickness of 31 km for the granite 
layer. 

All evidence that we have gathered 
indicates that at a depth of 30 to 60 km 
a rather rapid change in rock composi- 
tion and in density occurs and that as 
we go down from the surface the rocks 
become more and more basic and heavier 
and that the temperature rises. 

To summarize we may state that what- 
ever be the mechanism which causes 
isostasy to function, it is confined essen- 
tially or chiefly to a layer 100 km more 
or less in thickness ; the departures from 
isostasy are essentially local in charac- 
ter, probably covering areas one hundred 
miles square more or less. 

We come now to the consideration of 
the mechanism by which isostasy is or 
can be attained. Prom the time of Hay- 
ford geodesists have adopted, partly 
because of ease of computation, the 
Pratt view, namely, that surface irregu- 
larities are compensated by a deficiency 


or excess in density in the column di- 
rectly below the surface feature. This 
leads to the determination of a definite 
isostatie level at which all columns of 
the same horizontal cross section extend- 
ing to the surface have equal masses. 

At the present time it is a serious 
question whether the Airy flotation 
hypothesis of compensation at lesser 
depths, usually about one half of the 
depths obtained by the Pratt method, 
does not represent the situation more 
correctly than the Pratt compensation 
hypothesis. 

One of the reasons why geologists 
have found it diflScult to accept the 
theory of isostasy in the form stated by 
Pratt is the assumption of a mysterious 
expansion or contraction of the mass 
directly below a given surface feature, 
such as a mountain mass, in order so 
exactly to compensate for the shift of 
load. There is something unnatural 
about this assumption, as geodesists 
themselves have admitted. The question 
arises: Are the differences between the 
theoretical and observed values of grav- 
ity eliminated as well by the Airy 
theory? A recent paper by Heisfcanen, 
of the Geodetic Survey of Finland, seeks 
to answer this question. For the pur- 
pose he compares the results obtained by 
the Pratt and by the Airy methods un- 
der different assumptions for seventy- 
one stations in the Caucasus; for forty- 
seven stations in Europe; twenty-seven 
stations in the Alps; sixteen stations in 
Italy; eleven stations in Spitzbergen, 
and fifty-six stations in the United 
States. For the United States he finds 
that the Airy hypothesis on the basis of 
a crustal thickness of 50 km accounts 
somewhat better for the gravity values 
than does the Pratt hypothesis. For the 
Alps the crustal depth is 41 km ; for the 
Caucasus 77 km ; for Southern Norway 
32 km. In general his results show that 
in many regions there is not so much to 
choose between the two hypotheses and 
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that neither the depths of compensation 
of the Pratt hypothesis nor the crust 
thicknesses on the Airy view are the 
same the world over, but are different in 
different areas. 

Still more recently, Jeffreys has con- 
sidered the two hypotheses and, by treat- 
ing the general problem by the methods 
of spherical harmonics applied to the 
gravitational potential, has ascertained 
that for wave lengths or distances be- 
tween a maximum positive value and a 
maximum negative value exceeding 100 
km there is little to choose between the 
two hypotheses ; that the distinction 
might be made for shorter wave lengths, 
but these do not appear to exist; that 
therefore a given Pratt isostatic depth 
is equivalent to an Airy compensation of 
about half that thickness ; ^‘that the uni- 
form compensation of the Pratt hypothe- 
sis to, a constant depth is observationally 
equivalent to compensation concentrated 
at half that depth which is approxi- 
mately what is implied on Airy^s view; 
that the decision as to whether the com- 
pensation conforms to the Pratt type or 
to Airy's or whether its horizontal dis- 
tribution is local or regional, can not be 
made by geodetic means, but requires an 
appeal to physical and geological consid- 
erations." In other words, geodetic 
measurements alone are not competent 
to decide between the two hypotheses. 

The fact that the Pratt hypothesis con- 
siders primarily expansion or contrac- 
tion of volume accompanied by little 
horizontal crustal movement accounts 
well for mountain uplift, but it does not 
explain folding and thrusting such as is 
observed on a large scale in so many 
parts of the world. ' The maintenance of 
isostasy during mountain formation and 
the lateral shift of materials at the sur- 
face are not adequately explained by 
this hypothesia Recently Dr. Bowie has 
suggested that during uplift and moun- 
tain formation chemical and physical 
changes tc^ place in the underlying 


rock masses that cause expansion ; but in 
a physical-chemical system subjected to 
load or external pressures the law of Le 
Chatelier states that we should expect 
under those conditions physical-chemical 
changes within the system itself to take 
place in the opposite direction, namely, 
changes that tend to contraction and to 
an escape from the load. It is difficult 
to imagine changes in mass, such that, 
for example, after the formation of a 
delta the density of the loaded prism 
should decrease, unless it be through ex- 
pansion on heating or through an in- 
crease in volume occasioned by melting 
or by the release and expansion of vola- 
tile components. 

If we concede small finite strength to 
the underlying crustal material Airy's 
hypothesis or mechanism apparently 
stands the test better. It involves only 
generally accepted mechanical principles 
and is consistent with a compensation 
uniformly distributed through a finite 
depth, but a depth varying as the surface 
elevation varies. Hayford showed that 
the same distribution of gravity values 
can be obtained by assuming either uni- 
form distribution of the abnormality in 
gravity in depth or concentrated at a 
given depth near the surface. 

Jeffreys has considered whether the 
compensation is locally or regionally dis- 
tributed, and finds that in a region of 
deposition or increasing load the de- 
formation should occur at first just out- 
side and along the margins of the loaded 
area ; the compensation will therefore be 
regional. The same holds true for areas 
of denudation. This corresponds with 
the view reached years ago by Putnam, 
Barrel!, and still earlier by Airy. Jef- 
freys’ general conclusion, based on geo- 
logical and physical grounds, is that the 
Airy flotation hypothesis meets the 
situation somewhat better and permits 
not only vertical but also horizontal 
movements and hence folding and 
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thrusting on a large scale, without seri- 
ous disturbance to isostasy. 

A weakness of the Airy hypothesis is 
the assumption that a crust, weak enough 
to be in isostatic equilibrium, is still com- 
petent to transmit thrusts great enough 
to form mountains with the accompany- 
ing compensating projections below and 
to maintain these projections in the hot- 
ter and weaker subcrustal region; also 
that an area of deposition, such as a syn- 
clinorium, which implies an increase in 
density in the underlying crust to pro- 
vide for the progressive settling of the 
basin, should be maintained for a long 
period; and then later, as a result pos- 
sibly of expansion due to heating, melt- 
ing and release of volatile components, 
should become a mountain region in 
which the effects of tangential compres- 
sion and thrust, as well as those of ver- 
tical uplift, are clearly shown. This ob- 
jection to the Airy hypothesis is, how- 
ever, not confined to it alone, but applies 
to all the hypotheses that have been 
proposed to explain the mechanical prob- 
lem postulated by isostasy. 

Data gathered by geodesists on the 
horizontal components of gravity (de- 
flection of the vertical) and on the accel- 
eration due to gravity (pendulum data) 
prove that the actual figure of the earth 
(geoid) approaches very closely to that 
of the theoretical st>heroid of equilib- 
rium ; the departures from this surface 
of equilibrium are expressed by the 
gravity anomalies and these are found to 
be small. This condition of approximate 
equilibrium is, in effect, the meaning of 
the term isostasy, as proposed by Dut- 
ton ; namely, a tendency toward a figure 
of equilibrium in the shape of the earth 
despite the many factors, such as erosion, 
deposition, earth movements, volcanic 
action, that tend to disturb the equilib- 
rium. Isostasy is a fact, and the close 
approach of the figure of the earth to a 
spheroid is the expression of this fact. 
The crust responds to the disturbing fac- 


tors by adjustments within itself that 
tend to offset these factors and to restore 
the isostatic balance and figure of equi- 
librium; from this we infer that the 
crust is mechanically weak with respect 
to superimposed loads. The fact that 
gravity anomalies, even though small, 
persist the world over and throughout 
areas in which the rock masses are rela- 
tively homogeneous, proves, however, 
that the crust has some remdual strength 
of a local nature. 

Geologists have observed in many 
parts of the world the effects, in rock 
masses, of thrusting and folding on an 
immense scale; this indicates the action 
of large horizontal or tangential forces ; 
and this in turn requires for its opera- 
tion a crust of no small mechanical 
strength. 

We are thus confronted by an awk- 
ward situation. It is difScult to recon- 
cile the idea of a crust that, at one and 
the same time, is weak with respect to 
vertical forces (loads), but is suflBciently 
strong to transmit horizontal thrusts of 
great magnitude and to store up energy 
as energy of compression. We know 
from earthquake phenomena that stresses 
of appreciable magnitude do accumulate 
in the earth’s crust and that, when the 
stresses in the heterogeneous rock masses 
become equal to the breaking strength of 
one of these masses, rupture may take 
place and an earthquake result; if the 
weak member is spread over a wide area 
and subjected to somewhat different con- 
ditions of stress, the rocks may yield by 
flowage and relatively slow movement. 
It is these two opposing characteristics 
of the earth’s crust, isostasy and the 
ability to transmit horizontal thrusts, 
that geologists and geodesists encounter 
and have not yet been able to incorpor- 
ate into a mutually satisfactory geologi- 
cal theory. The chief reason for this 
difficulty is our very inadequate knowl- 
edge of the behavior of materials under 
the conditions that obtain in great het- 
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erogeneous masses at depths within the 
crust and over long stretches of geologi- 
cal time. 

It serves no useful purpose for geolo- 
gists to deny or to ignore the fact of 
isostasy; nor for geodesists to brush 
aside the fact of horizontal thrusts on a 
large scale. With respect to the two 
main hypotheses, the Pratt and the 
Airy, to account for the isostatie adjust- 
ment or control, it is probable that both 
hypotheses are correct in part and that 
the factors postulated by both hypotheses 
are of importance. In addition, other 
factors may enter the problem of which 
we have little knowledge. The problem 
is so large and has to do with such 
heterogeneous materials and diverse con- 
ditions of pressure and temperature that 
we can not expect a single hypothesis to 
cover adequately all the possibilities that 
may arise. What is needed is more de- 
tailed information regarding the mechan- 
ical properties of the materials of the 
crust. This information will be gathered 
only slowly and by careful observations 
in the field and in the laboratory. 

It seems to me that a critical test be- 
tween the Pratt and the Airy hypotheses 
might be obtained from seismograph rec- 
ords. On the Airy hypothesis the dense 
peridotitic layer under high mountain 
areas should be depressed more than it 
is in ocean basins or seaboard regions; 
on the Pratt hypothesis the depth to this 
layer should be more uniform the world 
over. With the gathering of more grav- 
ity data and possible accumulation of 
short wave data a further test should be 
possible. 

Jeffreys has shown in his book on the 
earth that the greatly increased age of 
the earth, as deduced from radioactive 
surface heating, means that the contrac- 
tion theory is more than able to account 
for all the crustal shortening involved in 
mountain formation, past and present. 
This factor, coupled with the Airy the- 
ory of isostasy, gives to him a satisfac- 


tory explanation of the several types of 
mountain formation. 

Still a different explanation is that 
offered by July in his recent book on 
“The Surface History of the Earth.'' 
Accepting the Airy version of isostasy 
as a fact he seeks to provide the mecha- 
nism for keeping isostasy in action by 
the disturbing effects produced by the 
radium content of the rocks. He defines 
isostatic equilibrium as connoting a true 
flotation of the continents in a substra- 
tum of basaltic character, this substra- 
tum being for the greater part overlain 
directly by the oceans. He assumes 
further that the quantities of the radio- 
active elements, uranium and thorium, 
found in the continental igneous rocks 
are valid for all continental rocks and 
that the uranium and thorium content 
in the plateau basalts indicates the radio- 
active state of the substratum. He con- 
siders the continental crust to be about 
31 km thick. 

As heat from the radioactive trans- 
formations increases and is stored up in 
the lower part of the crust which is near 
the melting temperature, its temperature 
is raised and actual melting takes place 
with consequent radial expansion of ap- 
preciable magnitude. The radioactivity 
is greater under the granitic continental 
areas than under the oceans. As melt- 
ing proceeds the ocean crust becomes so 
thin that tidal action becomes important 
and currents are set up in the molten 
subcrustal basalt such that the hotter 
magma from beneath the continental 
areas exudes as it were along the eastern 
margins of the continents, especially 
Asia, in their general drift from east to 
west. This east-to-west movement with 
excess heating and extrusion and intru- 
sion of vast quantities of magma, to- 
gether with crumpling of the crust along 
weak, thin crust area8> is considered by 
Joly competent to account for the sur- 
face features of the earth and at the 
same time to do no violence to isostasy. 
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After a period of intense volcanic and 
mountain activity the suboceanic super- 
heated areas cool down slowly, say for 
5,000,000 years, after which a new 
period of heating extending from thirty 
to sixty million years begins. It is not 
feasible here to examine further into the 
details of Joly's hypothesis. 

Besides the hypotheses already out- 
lined there are many others, but enough 
has been said to indicate how varied and 
unlike are the suggestions now made by 
geologists, geophysicists and others to 
account for the surface features of the 
earth. Through it all we have recog- 
nized the fact that, whatever be the 
correct explanation, the earth's crust is 
in a state approaching isostatic equi- 
librium and that the departures from 
this state are due to factors local in 
character. 

Among the most important weapons 
we have in the attack on the general 
problem are gravity measurements and 
seismic records. It is important, there- 
fore, that a rapid field method be devised 
for ascertaining relative gravity values; 
that intensive work be done on the de- 


velopment of seismographs which shall 
produce records relatively free from 
distortion and also that we learn better 
how to interpret the seismograph records 
themselves. Further work on the radio- 
activity of rocks is desirable. 

In this brief review we have con- 
sidered gravity, its measurement and 
that tendency toward gravity equilib- 
rium in the figure of the earth that is 
expressed by the term isostasy. We 
find in nature everywhere a tendency 
or a striving toward equilibrium, which, 
however, is never attained because of the 
action of other forces. So it is with 
the phase rule when applied to the rocks ; 
so it is with evolution; we find the ap- 
proach toward equilibrium, but almost 
never the attainment of the goal. Al- 
ways there are disturbing forces and 
ceaseless changes and shifts, never-end- 
ing activity in all phases of nature from 
the atoms themselves to the island uni- 
verses. These departures from equilib- 
rium are of special interest to the sci- 
entist; in isostasy they still await an 
entirely satisfactory explanation. 
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The field for psychological investiga- 
tion herein outlined is defined by the 
statement that everything that the musi- 
cian or speaker conveys to the listener is 
conveyed on the sound wave ; we can in- 
tercept this sound wave with the camera 
and photograph it in as fine detail and 
on as enlarged scale as we desire, so that 
every characteristic of sound transmitted 
may be accounted for in terms of mea- 
surements on these sound waves. 

To restate the point — ideas or mean- 
ing as conveyed in words; sentiment, 
emotion and impulse as voiced; instru- 
mental music of all kinds — all that makes 
music or speech, as such, meaningful, 
beautiful or ugly is conveyed on the 
sound wave. The analysis and measure- 
ment of the sound wave furnishes full 
and adequate data for a scientific ac- 
count of the facts. Thus modem phono- 
photography opens to us an enormous 
new field for investigation and for the 
laying of foundations for the science, the 
esthetics and the pedagogy of music and 
speech. 

It offers us in particular a new ap- 
proach to the psychophysics of the ex- 
pression of emotion. In the psycho- 
physics which was the making of modem 
peychology we conti'olled the stimulus; 
in this psychophysics we measure the 
output Even the expression of emo- 
tion through music or speech may now 
be measured with fully as high degree of 
precision and with the same ease that we 
used to control the stimulus in the psy- 
ohophysies of smisation. 


The purpose of the present paper is 
not to discuss apparatus and methods of 
phonophotography, but rather to picture 
in high relief the scope and significance 
of the utilization of this method, draw- 
ing examples from our experiments up 
to date. The whole technique centers 
upon the recording of the sound wave 
on the principle of moving pictures and 
the reading and interpretation of such 
records for the solution of problems in 
the theoretical and the practical aspects 
of psychology and esthetics of music and 
speech. 

When one considers the apparently 
infinite manifold of musical and spoken 
sounds, their meanings and their affec- 
tive values, it is a great satisfaction to 
realize that all these may be reduced 
fundamentally to four measurable fac- 
tors of the sound wave, viz., frequency, 
or its reciprocal, wave length, whi^ 
gives pitch, amplitude which gives in- 
tensity, duration which gives aU the time 
values, and form which gives the tonal 
quality or timbre. Rhythm, consonance, 
harmony and volume are, of course, ex- 
pressed in terms of combinations of 
these fundamental measures. 

Let us illustrate in turn what may 
come from each of these four basic mea- 
sures — ^wave length, amplitude, duration 
and form. Figure 1 is a sample of a 
section of a film recording a baritone 
voice. The smooth sine curve is a record 
of a tuning fork of 100 vibrations per 
eecond, which serves as a time line. The 
irregular curve is the record of the voice. 
The pitch of the' tone at any moment is 
46S 





no. 1. BioTioNor BiooBo or A Muroinvoioi. 

dfltenEnined from oadi a record either by 
measuring each snooessiTe wave in the 
tone song on the hundredth of a seeond 
seale or by determining what portion of 
a wave or hhw many waves occur in one, 
two or thi^ hundredths of a second, 
whichever may prove a emivenient unit 
of measurement. 

In due manner every aspect of pttoh 
performance may be recorded. Suppose 
that we wish to reoord the exa^ pitch 
(melody) in the singing of an Indian. A 
record Figure 1 is made at the rate 
of about four feet i>er second and the 
length of each wave is measured and 
plotted. If we then draw a solid line 
through this plot, we diall have a pitch 
graph of the note as actually sung, diow* 
ing the pitch hi detaU for each moment 
of the duration of die notes. This may 
then be transferred on a modM^ mnaioal 
staff, as in Figpure 2. Here we Amplify 
the miuieal staff so as to adapt it for 
sdentific purposes and substitute the de- 
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:ta9«d gwidi'lhr/'^the cbnv«idi^:']i^ 
if this senf w«eie published in mnaU 
notation, the Ibst note would ]i»oba%^^ 
be reooided as a Whole tiuie on F 1*$^ 
the comment that the Indian does luit 
hold the tone firmly. Our graph shows 
,ihat he attacked tiie note below 'Df, 
fluttered around wi& great freedom for 
a second and a half and reached as high 
aa Fj^. Only an actual graph of thia 
kind oan Show or deeerihe w^ he did 
sing. In this manner we can repNsent 
the pitdi aqieete of any stmg or instru- 
mental performance or even speech. 

To eonvey some idea ef how eompre- 
henmve such pitch readings are for the 
reconstruction and the interpretation of 
musical features, we may set forth some 
of the principal mtudCal fSotora whirii 
we can study by thia method, as follows: 

TABLE I 

PlTOB rAONSS W A IlDSIOMi PBOIOsaAlC 

(m Tauts or Wavs Imtora os 

IbssosiroT) 

L Mesa pHdt: Skiolato, idaUwi, psrfeet ia- 
toBsUoa sad SurtaU ai ag. 

IL Dsfiatioa fnm awsa ritoh: 

(1) Bnwno tatoasttoa sad A s s t s lnhi f 

(2) PSriedie dsvistUa: vitnato, tmaol^ 

Uattar, mill, vts. 

(2) PiogTMilie dsviaUea: iltaipf 

(4) 1Cd& of tnaaUloa: gUdo, erawaodo, 

ihlty otc. 

(5) Attsok sad Nlease: dlwotloa, fsSs^ 

Bzint, oad fom of, apimoah m 

(C) QntM asUa sad cUior wUMU fe 
’auata.' 

m latorwda: InSarriil iAlati6iw> aiStody, sea* 


In tim same manner we miqr tesns 
the fsotors of Meuritp; thid is^ ' s|i 
phases of tednsas and tprious anw^ 
of velnaie, as ipsasorsd bp,'ilia'|ajDi p i^ tt rii i s: 
uf the. wave.. sUanw^mt' 

' pUtuda ii 'mmA 
'iUidP 'iutriUlts 
' ’•» niiuay ,.o!^:.uen|il^^ 
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enable us to deal with such phenomena 
as the following : 

TABLE II 

Intensity Factors in a Mitsical Photogram 
(IN Terms of Amplitude of 
Sound Wave) 

1. Intensity (loudness) : absolute, relative, 
uniform. 

II. Deviations from mean intensity: 

(1) Erratic deviations of all kinds. 

(2) Progressive deviations: crescendo, 

diminuendo, swell, circumflex, etc. 

(3) Periodic deviations: vibrato, tremolo, 

innervation pulsations, all forms 
of accent or rhythmic stress. 

(4) Attack and relenso. 

(3) Forms of transition: voiced or non- 
voicod, silence. 

In a similar manner wc tease out from 
the record phenomena of time. There is 
a time line in units of .01 sec., as in Fig- 
ure 1, which may be read in tenths of a 
unit, making thousandths of a second in 
terms of which the duration of any 
voiced phonetic element can be deter- 
mined with accuracy. 
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Fig. 3. Annie Laurie as sung by McCkinMACK. 
[From Mbtfessel.] 


Figure 3 is an example of the scientific 
musical staff which we have adopted to 
represent the combined pitch and time 
factors. Here the phonetic elements and 
the actual words are recorded on parallel 
lines. Above these are the demarcations 
of time for each syllable in a hundredth 
of a second. On the same legend are the 
demarcations of measures, phrases and 
one^second units. Tenths of a second are 
shown by the dashes and blanks on the 


broken score lines. This scientific score 
then combines the essential pitch and 
time aspects of a song on a musical staff 
which will enable any musician to sde 
and ‘'hear out’^ the exact character of 
the musical performance in these two 
respects. Among the time factors that 
may be of musical significance are the 
following : 

TABLE III 

Time Factors in a Musical Photooram 
(IN Terms of Duration of 
Vibration) 

I. Mean time: absolute, relative, tempo. 

II. l>eviationfl from mean time: 

(1) Erratic deviatioTis. 

(2) Artistic deviations: accelerando, re- 

tardendo, hold, staccato, legato, 
etc. 

III. All temporal aspects of rhythm. 

Finally and most complicated of all 
arc the data whic'h come from the wave 
form and furnish the timbre or tonal 
quality. The significance of wave form 
may be shown effectively by a compari- 
son of the wave form in two well-known 
instruments and a speaking voice. The 
middle curve in Figure 4 is the photo- 
graph of a tuning fork tone. It repre- 
sents a pure tone; all other wave forms 
must be interpreted in terms of the rela- 
tionship to tliat form. The top cuiwe is 
a pliotograph of the sound wave from a 
trombone, rich as indicated by the com- 
plicated contour of each wave. The bot- 
tom curve shows sound waves from a 
speaking male voice. ^ 



Fig. 4. Wave forms illustrating diffekenck 

IN TIMBRE OF TONE. 

1 These particular pictures were not taken for 
the purpose of harmonic analysis and are ade- 
quate only for pitch and time lueasurementB. 
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These pictures impress the fact that 
one can see directly the character of a 
musical tone in the form of the sound 
wave. The human voice, both in singing 
and speaking, is just another instrument. 
The photographic reproduction of the 
sound has a far more faithful detail than 
even the most musical ear can hear and 
with the technique now available any 
form of sound wave may be analyzed 
into its component partials representing 
overtones or, if the partials are known, 
the wave may be reconstructed. In 
other words, we' now have a relatively 
complete technique for the preservation 
and interpretation of tonal qualities. 
The beat work that has been done on this 
subject within the last few years is in the 
scientific laboratories of the American 
BeU Telephone and the United States 
Bureau of Standards, Artistic and even 
unartistic expression of tone quality may 
be represented in the wave form so that 
wo may reconstruct a tone, the wailings 
of a lute or a primitive language from 
this faithful representation of the sound 
medium. 

The scope of application to timbre in 
music and speech may be exemplified by 
such features as the following : 

TABLE rv 

TiMiiUE Factors in the Musical Photogram 

(m Terms or the Form of the 
S om^D Wave) 

I. Pure tone. 

II. All forms of noise^ and unorgauked tone. 
III. Tonal clangs (harmonic analysis in terms 
of number, prominence and distri- 
bution of overtones) e,p,: 

(1) Vowel and other voiced phonetic ele- 

ments. 

(2) ' ^ Character * ^ of all voices and in- 
, ’ struments. 

(S) Artistic effects ?n tone quality. 

* (4) Faults in tone quality;' 

(5) Tonal fusion. 

(6) Sononce. 

This all sounds mechanical and over- 
simplified ; but it is marvelously beauti- 
ful and useful that science can thus 
bring simple order and law io bear on 


the understanding of our tonal manifold 
and the control of it. Frequency, am- 
plitude, duration and form of the sound 
waves — these are the four kinds of mate- 
rial of which the whole structure is 
built. In terms of these the stupendous 
^ radio wonders in the transmission of 
sound have been produced. In terms of 
these the composer, the interpreter and 
the performer express music and speech. 
It is now only a matter of patient 
workmanship for the future inventor to 
make a synthetic human voice autom- 
aton capable of speaking in languages, 
playing upon the whole gamut of emo- 
tions in vocal expression and even of 
executing artistic effects not yet attain- 
able through the voluntary performance 
of the singing or speaking artist. 

From this limitless field of possibili- 
ties thus opened let me present only two 
illustrations of the use of the photo- 
phonographic method: the first, in the 
measurement of a specific type of ex- 
pression of tender feeling; the second, 
the anthropological use of the method in 
cillecting primitive music. 

II 

One of the most striking impressions 
one gets from the objective study of 
beautiful music is that art consists pri- 
marily in pleasing deviations from the 
regular. In music and speech pure tone, 
true pitch,' exact intonation, perfect har- 
mony, rigid rhythm, even touch and pre- 
cise time play a relatively small rfle. 
They are mainly points of orientation 
for art and nature. The unlimited re- 
sources for vocal and instrumental art 
lie in artistic deviation from the pure, 
the true, the exact, the perfect, the rigid, 
the even and the precise. This deviation 
from the exact is, on the whole, the 
medium for the creatioh of the beauti- 
ful — for the conveying of emotion. 
That is the secret of the plasticity of 
art. The exact is cold, restricted and 
unemotional; and, however beautiful in 
itself* soon paJlitt upon nc. 
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One of the countless media for the 
expression of tender emotion by devi- 
ation from the regular in pitch and in- 
tensity in music and speech is a sort 
of quiver called the vibrato. In musical 
literature on theory and practice there 
is one baffling confusion as to the nature 
of the vibrato and its esthetic value. 
Several research men have recently 
worked on this problem in the Iowa lab- 
oratory. Volumes VIll, IX and X of 
the Iowa Studies in Psychology contain 
articles bearing on this subject. Dr. 
Metfessel, National Research Council 
Fellow in psychology, is now preparing 
an elaborate monograph, laying scientific 
foundations for the determination of the 
nature and function of the vibrato in 
terms of experimental data. He treats 
such topics as the determination and 
classification of types of the vibrato; 
causal relations in terms of mental, 
neural and muscular factors of control 
in the production of the vibrato; rela- 
tive prevalence in trained and untrained 
singers — young and old, primitive and 
cultured; the difference between arti- 
ficial and natural vibrato ; its relation to 
other forms of periodicities; norms of 
beauty in its form; the significance of 
its emotional and automatic control; 
methods of acquiring, modulating, re- 
fining and inhibiting the vibrato; its 
relation to temperamental and other 
personal traits ; its relation to the 
various qualities of emotion; and many 
other psychological, musical, anthropo- 
logical and educational problems in- 
volved in this piedium for the expression 
of tender emotion. Each issue is dealt 
with by rigid objective methods of lab- 
oratory procedure. 

Dr. Schoon was the first to analyze 
and measure the vibrato. On the basis 
of measurements on the recorded singing 
of Aldah, Destinn, Eames, Gluck and 
Melba he demonstrated that the vibrato 
ifl a synchronous oscillation of pitch and 


intensity of tone at the rate of about 
six vibrations per second. He measured 
separately the pitch and the intensity 
factors and found them to synchronize. 
While there is an error in his first 
measurements of pitch, this putting of 
the vibrato in black and white with 
mathematical precision should mark an 
epoch in musical theory and practice on 
this subject. 

Generalizing from a vast variety of 
concrete data at hand we may define the 
vibrato in calm and beautiful singing as 
a synchronous pitch and intensity oscil- 
lation, ordinarily at the rate of from five 
to eight oscillations per second, in which 
perhaps the most beautiful effect is ob- 
tained when the pitch oscillation does 
not exceed one fourth of a tone and the 
intensity oscillation is as barely per- 
ceptible as the pitch oscillation and both 
take the form of a smooth sine curve. 

Countless descriptive features may be 
added to such a definition for specific 
purposes, and qualifications may be 
added as new information accrues. The 
j)oint is that we are now enabled to de- 
fine, describe, measure and control such 
a subtle aspect of the expression of 
tender emotion as the slightest change 
in the character of a vibrato. The fun- 
da^nental facts of the vibrato may be 
represented symbolically, as in Figure 
5, which indicates that in good calm 
singing there is a synchronous and 
graceful oscillation in pitch and inten- 
sity of tlie tone as stated in the defi- 
nition. 


Pitch 




int^n^ty 

Tjo 5 . 



.A SCHEMATIC HEPRKSENTATTON OF THE 
VIBRATO. 


Dr. Kwalwasser, studying a large 
number of cases by the photographic 
method, found the vibrato present in 
9.3 per cent, of his samples of cases in 
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well and moderately trained singers and 
27 per cent, in untrained adults. He 
found that the vibrato is ordinarily 
parallel (that is, when the pitch rises 
the sound increases in intensity, as in 
Figure 5) ; but all gradations from this 
to the opposite vibrato, which is the re- 
verse of the parallel, may occur. He 
also found cases of a pure pitch vibrato 
and of a pure intensity vibrato. His 
studies centered about the effect of 
placement, voice quality, pitch register, 
voluntary control and the development 
of the vibrato in children. 

Dr. Simon refined the technique of 
measurement and determined the degree 
of reliability in consecutive sound waves 
in voices and instruments, an item which 
it is necessary to know in establishing 
periodicities in musical tone — an excel- 
lent example of the mastery of fine 
details. 

One of the problems is to set up norms 
for recognizing good singing involving 
the vibrato. Figure 3 is from Metfes- 
sel’s publication of the singing of Annie 
Laurie, giving a sample of McCormack ^s 
singing. (The entire song as- rendered 
by McCormack and by Wells has been 
published.) An adequate collection of 
actual renditions of this kind will be the 
basis for determining what we may call 
good practice, which is the first step in 
the effort to determine a large number 
of component factors that operate to 
make the thing beairtiful. The briefest 
illustration of this kind is shown in 
Figure 6. These samples are transcrip- 
tions from photographs of phonograph 
records, the phonograph record being 
entirely satisfactory for the study of 
pitch. The pitch vibrato is shown for 
what was supposed the least emotional 
of the words in the song, **and'' in the 
twelfth measure (“And ’twas there that 
Annie Laurie ...”). In these graphs 
the vertical division of the staff is in 
terms of half tones and the horizontal 
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Fig. 6. The vibratc 

u-j_’ ' 1.1.x 

7 OF TWELVE WELL-KNOWN 


SINOFJiS. 

units in terms of tenth of a second. The 
graph shows exactly how each singer 
rendered this tone in pitch and duration. 
The vibration frequency indicated at the 
left shows what the true tone should have 
been for the prevailing pitch. The notes 
are not attacked or sustained in true 
pitch, but these again are often the 
plastic media for artistic effects and 
should not always be counted as wrong. 
Anna Case furnishes an illustration of 
artistic license in time in that she bolds 
this note, which is within her favorite 
register and has a beautiful vibrato, 
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Fig. 7b. Vibrato on a sustained pitou in 
SPEFAU i. [From Cray. ) 

(juito regardless of the time and tempo 
of the sonfi^. Each sinj^er has an indi- 
vidual way of attacking, sustaining and 
releasing the note, but all have the 
vibrato. No one can hereafter say that 
it is really bad form at the present time 
to sing with a vibrato, unless he is will- 
ing to say that these twelve singers 
selected at random from good singers 
are in bad form. The intensity phase 
of the vibrato is not shown in these 
graphs, although it is present in every 
case and is perhaps fully as significant 
as the pitch oscillation. 

We know nothing yet about the evo- 
lution and the heredity of this phe- 
nomenon, but are accumulating data in 
regard to iin development in children. 
Dr. Metfessel now has records on the 
development of the vibrato in about 
three hundred cases of children ranging 
from five to eighteen years of age. 
These show that the vibrato may come 
in at different ages and under vastly 
different conditions, in different forms 
and at different rates. 

Professor Wagner is attempting to 
analyze the different forms of the 
vibrato, particularly with reference to 
the teaching of th<? production of the 
vibrato and its modulation to conform to 
most natural methods of production and 
the most agreeable type. He takes a 
little child that has no vibrato and then 
trains with a specific theory in mind and 
records from time to time the artistic 
development and progressive automati- 
zation of that type. In all these and 


various other studies now in progress 
the technique is comparatively simple 
and always objective. 

Dr. Gray has studied the presence of 
the vibrato in emotion and speech and 
finds it quite prevalent. In speech it is 
not as conspicuous because words are 
spoken with rich inflection and are 
seldom sustained at any pitch level. He 
has, however, found that the vibrato 
frequently rides on a rising, falling, or 
circumflex inflection, as in Figure 7a. 
Figure 7b shows a speech vibrato in a 
sustained vowel sound. There are, how- 
ever, other iieriodicities in speech sounds 
which are more important than the 
vibrato, for example, one at the rate of 
about twenty per second as shown by 
the contour of the curve in Figure 8, 
which is a record of breath pressure, 
probafily synchronizing with intensity of 
tone, in singing. 


Fig. 8. Periodicities in the breath pressure 
DURING the sustaining OF A TONE. [FrOM 
Metfessel.] 

Dr. Travis, working with stutterers, 
has found examples of vibrato in their 
speech. 

Ill addition to these objective measure- 
ments of the expression of the vibrato 
wo must carry a variety of supplemen- 
tary techniques for the purpose of deter- 
mining the causes, conditions and rela* 
tions to nervous disorders. Thus, the 
person singing with a vibrato is observed 



Fid, 9. Photooeaph or the action current 

SHOWING THE RATE OF INNERVATION AND A 
PERIODICITY OP TWELVE CYCLES PER SECOND IN 
THE TONUS OF A kUSCLE, [FrOM TrAVIS.] 
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ties may be observed directly in the nor- 
mal functioning. When more detailed 
record is needed and when measurement 
is desired we may resort to the X-ray 
picture. To supplement the moving pic- 
ture of the sound wave we get a moving 
• picture of the action of the diaphragm 
or a particular set of muscles in the 
vocal cords, the tongue, etc. After find- 
ing this, Dr. Metfessel looked back upon 




Fig. 10. One of the Negro * * Blues ^ ^ as sung 

TN TflE CORNFIELD. (TUE APPARENT ADDITIONS 
AT THE TOP OF THE STAFF CORRESPOJJD TO LEDGER 
LINES IN ORDINARY MUSICAL NOTATION.) [FROM 

Metfessel.] 

with the fleuroscope through which the 
various types of action of the diaphragm, Fig. H, Negro binging, he>^ the voice 
the vocal cords and the resonance cavi- of Jesus sat.’' [From metfessel.] 
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some of our published records of singing 
and found that these oscillations show up 
in the details of a photogram of pitch* 
Figure 9 is a similar illustration of the 
effect of rate of innervation; this time 
through the measurement of action cur- 
rent which Dr. Travis is using in study- 
ing the tonus of muscles. Besides this 
basic i)eriodicity there is evidence of 
other periodicities, some of much higher 
frequency and others of lower frequency, 
probably indicating interference in the 
innervation of cooperating musculatures. 
Here, as in the famous illustration of 
the growing blade of grass, if one had 
all the facts about the vibrato, he would 
have a wonderful knowledge of several 
sciences. 

Ill 

My personal interest in phonophotog- 
raphy dates from the time when the 
Smithsonian Institution sent its special- 
ist in Indian music, Miss Prances Dens- 
more, to our laboratory to have her ears 
certified with reference to the degree of 
reliability for the transcribing of phono- 
graph records. It then occurred to me 
that it was possible to avoid depending 
upon the ear, which is quite inadequate 
for the purpose, and substitute a photo- 
graphic method. This led to the devel- 
oping of photographing of phonograph 


records, and that in turn to the direct 
photographing from a musician’s per- 
formance. 

To demonstrate the availability of this 
method for anthropological field work, 
we have, in cooperation with the Univer- 
sity of North Carolina, under a grant 
from the Laura Spelman Rockefeller 
Foundation, made a collection of Negro 
songs sung in the natural setting. Dr. 
Metfessel has prepared and is publishing 
a volume of these in the new musical 
terminology illustrated in Figure 10. 

For the purposes of collecting the 
camera is vastly superior to the phono- 
graph in that it furnishes a permanent 
record, giving vastly finer details than 
can be beard from the phonograph, and 
is transcribable and ineasurable with a 
high degree of precision. Figure 11 is 
a picture of a Negro singing a spiritual 
after he had warmed up” into ecstasy. 
His singing before that was very differ- 
ent. Such supplementary data are of 
anthropological value in preserving the 
atmosphere of the song. Indeed, the col- 
lector in the future will want not only 
the phonophotograph, but also some form 
of phonograph record and a moving pic- 
ture of the musician in action, together 
with very accurate phonetic transcripts 
of words. 



LORD LISTER 

The centenary of the birth of I^ster, which occurred on Aprjl the fifth, has been 

CELEBRATED BY THE ROYAL COLLliJGE OF SUROEONS AND AT WSST^INSTHR ABBBT. IT IS JIAID 

THAT Lister discovery uf antiseptic surgery saved more dives than were lost in all 
THE wars of the century SINCE HIB BIRTH. 
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LEGISLATION AGAINST THE TEACHING OF EVOLUTION 


A SURVEY of the le|2:islutive season just 
ended discloses what appears to be an 
utter collapse, for the time being at least, 
of the drive to banish the te^icliing of 
evolution from American schools, wddcly 
heralded after the Dayton trial and the 
death of William Jennings Bryan. Dur- 
ing the winter and spring of 1920-27 no 
le.ss than twelve ;jytate legislatures had 
anti-evolution bills brought before them, 
and all twelve have adjourned without 
the passage of a single one of the 
measurers, 

Jn six of the states, California, Dela- 
ware, Minnesota, New Hampshire, North 
Carolina and North Dakota, the bills did 
not even get to the floor of the house, but 
were disposed of in committee, usually 
by decisive or even unanimous votes. In 
Missouri, which was declared in advance 
by the fundamentalist forces to be a 
pivotal state, the bill reachcxi the house 
and was there rejected by the margin of 
82 to 62. In West Virginia and Okla- 
homa anti-evolution measures were de- 
feated by house votes of 57 to 36 and 46 
to 30, respectively. 

The fight was begun very early in 
Arkansas and carried on aggressively by 
the proponents of the bill, and it was ex- 
pected that this state would pass over 
into the Tennessee-Mississippi class so 
far as freedom of teaching was con- 
cerned. But it turned out otherwise, for 
after passing the lower house by a very 
close margin (three votes, according to 
one report; one vote, according to an- 
other) it was Irejected in the senate by 
an overwhelming aye-and-nay vote. A 
part of the clergy in Arkansas are re- 
ported to be very angry over the outcome 
Of the contest, and to have declared war 


on all members of the legislature who arc 
known to have voted against the bill. 

In only two states has the proposed 
repressive legislation survived even in an 
attenuated form. In Alabama, a bill on 
the Tennessee model was introduced dur- 
ing January and remained sleeping in 
committee until, in March, the legisla- 
ture adjourned until June 7. What will 
happen then no one will undertake to 
prophesy. In South Carolina the bill 
likewise slept until the closing hours of 
the session, when it was reported out by 
the committee, without recommenda- 
tion; in order, its aulhor stated, that it 
might remain on the calendar until the 
next stvssion. 

The Florida legislature meets much 
later in the year than do the law-making 
bodies of the other states ; it convened 
early in April. It is taken for granted 
that some one will inti^oduce a bill at 
Tallahassee, but up to the ])rosient no 
anti-evolution proposal has appeared. 
Some years ago the legislature of this 
state went on record with a resolution 
condemning evolution, but this does not 
have the force of law, and is steadily ig- 
nored by teachers in Florida schools and 
colleges. 

Even the two states that have enacted 
anti-evolution laws con hardly be counted 
as completely gained by the funda- 
mentalist forces. In handing down its 
decision on the appeal of the Scopes case, 
the Tennessee State Supreme Court 
justices gave three distinct versions of 
their ideas of the meaning of the law, 
which are interpreted by competent au- 
thorities on constitutional law to mean 
that one can teach about anything he 



CHARLES SPRAGUE SARGENT 

ItT WHOSE DEATH AMERICA LOSES ONE OF XTS LEADING MEN OF SCIENCE. DK. SARGESn* WAS 
FOR FirrV-FIVE YEARS DIRECTOR OF THE ARNOLD AKBORBTUM AND FOR NEARIiT AS LONG ARNOLD 
PROFESSOR OF ARBORlCUiyrURE AT HARVARD UNIVERSITY. THE PORTRAIT IS FROM A DRAWING BY 

John S. Sargent. 





DrSTIKOUlSIIED FOR HIS WORK OK RECENT AND FOSSIL MOLLUSKB, WHO HAS DIED AT THE AGE OF 

eiohty-two yeaab. I3r. Dall was curator in tiiK U. S, National Museum for fifty-eight 
YEARS. In the deaths OF PROFESSOR S ARGENT AND OF I>R, DALL, AMEWCA LOSES TWO VERY 
GREAT NATURALISTS SUCH AS IT IS NOT IJKELY AGAIN TO PRODUCE. 



LAPLACE 

The GiiEAT French mathematician, the centenary of whose death is now beii^o csaaBBRATEP 

AT ALMOST THE SAME TIME AS THE TWO HUNDREDTH ANNIVERSARY OP THE DEATH OP NEWTON. 

Laplace's ‘ * Mechanique Celfjstk” is the most notable successor op Newton's ''Prin- 
CIPIA. " His nebular hypothesis was proposed in his **SV8TBME DU MonD, " PUBLISHED 
IN 1796. The portrait is from an enokavino after a painting by Negbon, 
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pleases in Tennessee so long as he does 
not come out flat-footed for atheism or 
philosophic materialism. In Mississippi 
the law is in force, but has not yet been 
tested in the courts. 

Action by the Education Association 
of the Methodist Episcopal Church of 
Ihe South, in condemning the anti-evolu- 
tion legislative program, was hailed as 
highly significant by educators and in- 
terejsted persons everywhere. The reso- 
lution was introduced by the president 
of Duke University, and only two dele- 
gates voted against it. Prominent 
Southern Baptist churchmen have also 
gone on record as opposed to legislative 
restrictions on teaching. 


Checked in their program of stopping 
the teaching of modern science by legis- 
lative action, the fundamentalists have 
adopted a new program, which may be- 
come the more formidable because it is 
so widely diffused and because it delib- 
erately appeals to the willingness of cer- 
tain types of persons to play the spy and 
informer. The ^*Supi*eme Kingdom,'^ 
founded by Edward Young Clark, for- 
merly prominent in Ku Klux Klan cir- 
cles, announces as part, of its plan to 
operate through small local organiza- 
tions, endeavoring to prevent the em- 
ployment of teachers who believe in evo- 
lution and to prevent the election of 
school officials who will hire or back 
them. 


THE ANTIQUITY OF MAN IN AMERICA 


Primitive man lived in America at a 
vastly earlier time than is believed by 
most scientific men if the evidence gath- 
ered by J. D. Figgins and Harold J. 
Cook, of the Colorado Museum of Nat- 
ural History, is valid. 

Instead of dating back only some 

8.000 to 25,000 years, the time when 
most archeologists and anthropologists 
say the Indian came to America from 
Asia, these human relics, because of their 
UvSsociation with extinct animals and 
geological deposits of known antiquity, 
are assigned to the geological period that 
scientists know as the Pleistocene. That 
was the time of the great Ice Age when 
northeastern America was periodically 
covered witit an immense glacier and 
when prehistoric elephants and masto- 
dons roamed the land. It was from 

25.000 to a million years ago. 

Prom three localities have evidences 
of human antiquity on the American 
continent been obtained : Frederick, Till- 
man County, Okla. ; Colorado, Mitchell 
County, Texas, and Folsom, Union 
County, New Mexico. Investigations at 
the site of the Oklahoma discovery have 


just been completed and the findings 
liave not yet been announced. 

IVom all three sites, arrowlioads have 
been unearthed in close as.sociation with 
extinct animals. Along Lone Wolf 
Creek, near the town of Colorado, Texas, 
flood waters exposed the bones of an ex- 
tinct species of bison, and while large 
blocks of the earth in wdiich they were 
embedded were being removed for trans- 
portation to the museum, three arrow- 
heads*, totally unlike those in any known 
eo] lections, were found beneath a nearly 
complete skeleton. The arrowheads were 
of grayish flint, thin and not notched. 

At PoLsom, Now Mexico, fossil bones 
were discovered at the extraordinary^ 
altitude of 7,000 feet, and among the fos- 
sil bones were found two arrowheads 
similar to those found in Colorado. The 
bones were identified as those of three 
hitherto unknown and extinct species of 
bison and an ancient deer-like animal. 
Discovery of this deposit was made 
through the interest and observation of 
Fred HowartK and Carl Schwachheim. 
An exact geological determination of the 



THE LEANING TOWEB OF PISA 

The Campanile or the CATiiEDiiAii of PigiA is one of the finest examples of Bomanksque 

AHCHITKCTURE ; BXIT IT IS BEST KNOWN FOfe 1TB LEANINCJ POSITION. IT WAS FIFTEEN AND A HALF 
FEET OUT OF THE PEUPENDICUI*AR IN 1829 , AND THE DEPAliTUKT IS NOW ABOUT A FOOT OREATEB. 
The FOUNDATIONS ARE NOT MORE THAN TEN FEET DEEP, AND TMEUl UIRCUMFERENOE IS ONLY THAT 
OF THE TOWER. IT IH THOUGHT THAT THE TQWKR ASBTTMED ITS OBLIQUE POSITION WHILE IT WAS 
BEING BUILT. ITALIAN ENGINEERS ARE NOW rOKHTRUOTlNG A CEMBNt SOCKBT UNDER THE TOWER 

TO PREVENT FURTHER SINKING. 
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age of the deposit has not been made, but 
it is believed to be late Pleistoeene. 

The locality richest in evidences of 
ancient man in America is near Fred- 
erick, Oklahoma. P. G. Priestly read an 
article by Mr. Cook, calling attention to 
the possibility of ancient man having ex- 
isted iti America. He realized that ar- 
rowheads and stone-grinding implements 
that were being uncovered from time to 
time by steam shovels in a sand and 
gravel pit might be of some interest. 
Witli the cooperation of A. II. Ilollman, 
owner of the gravel pit, lie reported the 
discovery to Mr. Cook, who, with Mr. 
Piggins, promptly investigated. There 
they found three distinct layers of de- 
posits and in a very short time two 
arrowheads and some seven metates, 
jirimitive grinding instrnrnerilK, were ex- 
cavated from the pit. Those working in 
the pit rememl)erod other worked stones 
that had, before realization of tlieir sig- 
nificance, been thrown away. With the 


artifacts, as in the other cases, remains 
of extinct animals were found, and eight 
feet above the level at which the grind- 
ing stones nearest the surface were dis- 
covered, there were found remains of the 
mammoth, including numerous teeth. 
This is considered strong evidence of the 
great antiquity of the arrowheads and 
the metates. A representative of the 
Colorado Museum of Natural History is 
now located at the gravel pit to collect 
and preserve any other such finds. 

Inspection of the arrowhcmls discov- 
ered shows them to be primitive, and yet 
the man who made them must have pro- 
gressed considerably in culture, accord- 
ing to Mr. Piggins. Mr. Cook has made 
a careful study of the geology of the 
‘three places where discoveries were made 
and he has expressed himself as con- 
vinced of contemporaneous association^^ 
of the artifacts with Pleistocene deposits 
and animal remains ^‘surprising as such 
a culture at that time may seem. 


ADVANCES IN TELEVISION 


Describkd as one of the greatest tri- 
umphs in tl»e histoi*y of methods of com- 
munication, the television process of the 
American Telephone and Telegraph 
Company, first exhibited in action be- 
tween New York and W^ashington on 
April 7, is the product of many minds 
working together in the Bell Labora- 
tories in New York under the guidance 
of Dr. Herbert E. Ives. Despite the 
elaborateness of the apparatus, television 
depends essentially upon the fact that a 
film of i)Otassium metal in a vacuum tube 
can be made to give a small electric cur- 
rent when light shines on it. This is the 
photoelectric cell 

In previous methods, the stibject, 
whose visage is to be tranismitted, is 
flooded with brilliant light, and a lens 
pieks up the illumination and focuses it 
on g small photoelectric cell. In the new 
method, by the idea of Dr. Prank Gray, 


the subject is illuminated with a tiny 
moving spot of light, which is picked up 
by a batteiy of larjre photoelectric cells 
— the largest yet made. The result is 
the most successful transmission of the 
actual view of the human face that has 
yet been achieved. 

As seen on the small receiving screen, 
the scene looks like a halftone two inches 
high, printed in the pink sheet edition of 
a daily paper — except that it has cpme 
to life. Most newspapers print photo- 
graphs in what is known as halftone- 
small dots spaced 50 to 60 to the inch 
and blended by the eye into a continuous 
picture, a process, incident>ally, which 
was the invention many years ago of 
Frederic E. Ives, the father of Herbert 
E. Ives, who is immediately responsible 
for the new process. 

In the television receiver, the picture 
is also made uf> of fifty eye^blended rows 
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of light and dark, which appear pink be- 
cause the light in wliich they are painted 
comes from glowing neon gas — a rare 
clement found in tlic atmosphere. When 
two metallic electrodes are sealed into a 
glass tube from which all air has been 
exhausted, but wliich contains a little 
neon, and an electric current is passed 
through, the gas glows with a pinkish 
light. I^nlike the ordinary electric lamp 
with a filament of tungsten, which con- 
tinues to glow for an instant after the 
current has been disconnected, the neon 
liglit goes on and off as instantaneously 
as the current itself. 

To television a speaker’s face from 
Washington to New York, for example, 
the light starts from the carbons of an 
automatic are lamp. In front of the 
lamp is a disc with fifty holes around its 
edge in a spiral, each hole a little nearer 
the center than the one before it. A lens 
projects an image of the holes out into 
space, just as the lens of a movie machine 
projects an image of the moving film on 
to the screen, but in the television device 
the screen is the subject’s face. And 
just as the movie film travels through the 
machine so fast that the single •pictures 
are not seen, but are combined together 
by the eye into a continuous picture, so 
does the rapidly moving disc, containing 
the holes, move so rapidly that the fifty 
holes, each one a little lower than the one 
before it, sweep across the facial screen 
in less than a fifteenth of a second. 

Outside the light from the arc, sJhining 
through the holes in the disc, the subject 
is in semi-darkness. In front of him are 
three photoelectric cells, the eyes of tele- 
vision. They turn the light into elec- 
tricity. The production of these cells 
its(df is a triumph, accomplished by Dr. 
I\'es. They are the largest that have yet 
been constructed. When the moving 
finger of light, a fiftieth of an inch in 
diameter, sweeps across the face, it en- 
counters the light-colored flesh; light is 
reflected to the sensitive photoelectric 


cells. By means of amplifiers like those 
used in radio stations, the photoelectric 
colls’ tiny current, the electrical counter- 
part of the light, is magnified thousands 
of times. And when the spot of light 
reaches a dark part of the face — the 
pupil of the eye perhaps^ — and no light is 
reflected, no current flows from the cells 
to the amplifiers. 

Thus, the lights and shades of the face 
are transformed into a varying electric 
current, just as the ordinary telephone 
transmitter transforms the sounds of the 
voice into a pulsating current. It trav- 
els over the telephone lines for hundreds 
or thousands of miles, or else on the 
radio carrier waves for even greater dis- 
tances. The receiving end picks up the 
current, amplifies it some more to make 
up for any losses in transmission, and 
connects it to the receiver, with its neon 
tube. 

The variations in current are trans- 
lated by the neon tube back into varia- 
tions of light. But the tube shows an 
extended surface of light — an inch or 
more square — with no semblance of a 
picture of a face or anything else. Here 
the revolving disc again plays a part. A 
disc the exact duplicate of the one at the 
sending end revolves in front of the neon 
tube. 

If the spot of light in the sending ap- 
paratus is shining on the bright flesh, the 
receiving screen shows a corresponding 
bright area through the hole. And then 
as the sending light spot moves to the 
dark pupil of the eye of the subject, the 
neon ceases glowing and the screen 
shows a dark spot. As the spot moves to 
another white portion, such as the bridge 
of the nose, the neon again shines 
through the hole, which has also moved. 
The receiving disc, like the transmitting 
one, moves so rapidly that the light ap- 
pears to the person observing as a con- 
tinuous surface, blended into a motion 
picture of the sending scene. ^ 
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SKELETAL RECORDS OF MORTALITY 

By ProfeMor T. WINOATB TODD 

HAMAHV XTTWEtnC, WXflXBEV BB8BEVB UmVKB«rFT 


Intboduotion 

TBBBB .is a profonnd difference be- 
tween the potential duration of life and 
the aetion duration of life. The former 
holda for all humanity in all periods of 
man’s history, but the latter is modified 
by Tory many factors arising from the 
environment. In a recmt paper Pearl 
has differentiated clearly between theee 
two views of the duration of life.^ He 
gives good evidence for the presumption 
that potential duration of life is definite 
and nndiangeables it is a function of 
bodily organisation. It is seen in all 
form of life: after a certain definite 
period death is a natural consequence 
whetlier the living thing be plant or ani- 
mal, invertrtrate or vertebrate, eold 
blooded or warm blooded, bird or mam- 
mal. Bardy, however, is this full poten- 
tial apui of life reali^: some envlron- 
mehtjd factor steps in to terminate life 
before its natural course is run. 

So far as humanity is concerned, 
Bari Pearson, many years ago, analysed 
i%e mortality curve for England* and 
iflilWoBSitrated |hat it is a very oim^lez 
eiiu^ of seva^ oomponents, beet eon- 
of death iv^ially r^ 
tb iueeemive periods of life, 
aeparated off eurvim Of 
dsalii, of death in idiil^ood^ 
andinssn- 
Xilto lAd. 





mi 


ilily 1)- In a fascinating meta- 
phor the author represents Deatii as aV 
tacking his victims in divers manner as 
they oroes the bridge of life. Five 
deaths, variously armed, take toll of 
humanity : the bones of its ancestry for 
the baby, a machine gun for the ehil- 
dren, an arrow for the adolescent, a 
blunderbuss for the middle-aged and a 
rifle for the full of years. Death carries 
off in old age nearly one half the human 
beings of modem days. This is the 
death "apart from the selection of in- 
fancy, the danger of infectious disease 
in childhood, and of excess or accident 
in youth or later life." The fire of the 
middle age Death is "slow and scattered 
and his curve of d^ruetion a very flat- 
topped one." 'Hiis plateau of the middle 
age mortality curve is ngniflcaut: we 
shall find it quite evidmt in all the stud- 
ies to be presented in this paper. 

More philosophioally bnt none the lees 
realistically Conrad has portrayed old 
age death charaoteristio Of modem dayf 
in oreaturea who "are forgotten by ^nM|f. 
and live untouched by yeare till death 
gathers them up ii^to ito oompassicKnate 
boeom : tiie faithful death that never for- 
gets in the press of worlt the most leaig- 
nifleont of ha children;'** 

The aetnal duration of Ufa aiaxempli- 
fled by different peeplee in anoeemive 
periods the existenee hnmaiuty 
must alwa^ etereiae a feeridatioh over 

VCtoaMlO, UH "She Uims- f aiM ec 
VuNst** Loedea, ^ IV. 
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Fig. 1. Analysis of the curve or death of 1,000 modern English males. By Karl Pear. 
BON. Note the peaks or mortality in infancy, childhood, adolescence, middle age and 
SENILITY. The flat-topped curve or plateau of middle age death is to be been in all 

succeeding figures. 


US. Many attempts have been made to 
study the problem. For modern civil- 
ized races there are data available which 
make this study precise. But for un- 
civilized and for ancient peoples few 
records exist. The Corpus inocriptionum 
latinarum of the Berlin Academy used 
by Macdonell* is perhaps the best of the 
ancient records, but even these records 
fail in their accuracy as the potential 
life period wears towards its natural 
close. Most oth^r records consist of con- 
temporary general statements which are, 
of their very nature, biased or refer 
more particularly to a restricted portion 
of the community. Or the impressions 
may be culled even more vaguely from 
the scant records of the ages at death 
of a few more notable persons of the 
time. The only way in which a correct 
assessment can be made is by wringing 
the secret from the bones themselves left 
immutable by time in the grave. 

To this end we have addressed our- 

^MacdoneU, W. B., 1918, *‘Ozi the Ezpeeta- 
tion of Life in Ancient Boine, and in the Pro- 
vinoes of Hiipania and Lusitania and Africa. ’ * 
Biometrika, Vol. 9, pp. 866-^80. 


selves over a long period of steady and 
persistent work, using for this purpose 
the ever-increasing collection of material 
in the Hamann Museum. The observa- 
tions recorded in this paper are founded 
upon the standards derived from this 
material. 

Method of Ii^istioation 
That time leaves its impress upon the 
skeleton is well recognized and it is usual 
to describe a skeleton as that of a child, 
an adolescent, an adult or a senile per- 
son. Beyond this rough discrimination 
it has hitherto been impossible to ad- 
vance because of insufficient data. The 
singularly fortunate position of the 
anatomical laboratory of Western Re- 
serve University has enabled us to pro- 
gress further with assurance in the 
identification of age of skeletons. Ever 
since 1912, the policy of retaining intact 
the skeletons of all cadavera delivered 
to the medical school, together with the 
record of their age, among other valu- 
able and essential data, has placed us in 
a unique position. At the time of writ- 
ing this ooUeotion numben some 1,400 
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individuals of all ages and belonging to 
white and Negro stocks. For some years 
now we have been steadily publishing 
the results of our investigation upon the 
time record left imprinted on the bones, 
but it will require another decade to 
complete this work. Meantime the re- 
search has gone far enough to enable 
us who have the experience to indicate, 
with a fair probability of accuracy, the 
approximate age of any individual skele- 
ton. By this statement I mean a prob- 
able accuracy of within five years dis- 
tributed evenly two years on each side 
of the age estimate, provided that be 
sixty years or less. The accuracy is 
certainly less than this if the age is above 
sixty, for, toward the limit of the natural 
span, differentiating features become 
ever less pronounced and more erratic. 

One can not give a full description 
here of all the details upon which our 
age ^imate is based, but the general 
scheme is the following. Up to and in- 
cluding the age of twenty -five the union 
of epiphyses may be relied upon as an 
age indicator. It has been assumed, 
upon altogether inauflBcient evidence, 
that individual variation is so great that 
no real reliance can be placed upon 
epiphyses as an age determinant. Our 
quantitative studies emphatically deny 
this assumption. Part of this research 
has been published in the paper by 
Stevenson.® From twenty-five to thirty- 
five years the symphysis pubis gives a 
fair indication of age, and to the elucida- 
tion of the symphysial problem I have 
myself devot^ a number of papers, the 
results of which are summarized in the 
one to which reference is here given.* 
Between thirty-five* and fifty years 
changes take place in regular sequence 

B Stevenson, P. H., 1924, "Age Order of 
SJpipfayseal Union in Man." Jonm. PhyB, An- 
throj^ol, Vol. 7, pp, 53-93. 

®Todd, T. W., 1938, ^‘Age Ohangee in the 
Pubic Bynii^Tsis TII. The Anthropoid Strain 
in Humita Pubic Symphyses of the Third Dee* 
ade. Jovm. Anci,, Vol. 67, pp. 274-294. 


at the articular ends of bones, at the 
muscular attachments and in the tex- 
ture. This period has not yet been 
properly recoMed in published form, but 
Graves has given, in a paper on the sca- 
pula, an adumbration of what will even- 
tually be demonstrated.^ At or about 
fifty years certain well-defined differ- 
ences in texture and secondary changes 
on the surface of bones set in which have 
as yet been but lightly sketched in the 
papers by Graves and by myself. Su- 
ture closure has but a qualified value in 
this study. For white and Negro males 
the subject of suture closure has been 
adequately presented by Lyon and 
myself in various published articles (13). 

The life history of the skeleton from 
adolescence to senility can be outlined in 
the following manner. From adolescence 
to the age of twenty-five years union of 
epiphyses is the dominant feature. 
From twenty-five to thirty years closure 
of sutures continues the tale along with 
the consolidation of areas, like the e^ym- 
physis pubis, which possess rudimentary 
epiphyses. From thirty to thirty-five 
years the skeleton is at its prime and 
there is a lull in differentiation. Sutures 
not yet fully closed mark time, having 
lost their impetus to unite. During this 
period the muscular system and the 
cerebellum, the coordinating mechanism 
for muscular control, begin to show de- 
terioration.® Such deterioration becomes 
indicated in the bones between thirty- 
five and forty-five years as an intensifica- 
tion of the sites of muscular attachment 
and as the formation of rims, not lipping^ 
at the articular margins. The so-called 
muscular markings on bone are not an 
indication of muscular development and 
strength but appear when the muscular 

^ Graves, W. W., 1922, * * Observationa ob 
Age Ohangee in the Beapula." Jowrn. Phya. 
Anihropol,, Vol. 5, pp. 21-88. 

8 Ellis, A S., 1920, ^‘Nonns for Some Btrno- 
tural Changes in the Human Oerebellum from 
Birth to Old Age." Joum, Camp, Nmr,, VoL 

82, pp. 1-88. 
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gystem is on the downgrade, long after 
the time when current hypothesis would 
call for their maximum development. 
Prom forty-five to fifty years prepara- 
tion is being made for l^e far greater 
changes occurring after fifty: the final 
rims are developed and the smooth and 
polished surface texture of earlier years 
begins to give place to a more granular 
appearance which after fifty, first in 
ribs and vertebrae but later spreading 
to all parts of the skeleton, is associated 
with a peculiar modification of bone 
substance which we describe as a cinder- 
like texture. Between fifty and sixty 
years the surface erosions progress, but 
from sixty onwards they may be more 
or less stationary though the cinder-like 
texture becomes more pronounced. 

A subsidiary feature very well marked 
in skeletal history is the progressively 
increasixig individual variation in ap- 
pearance and progress of age change 
from thirty-five years onward. It is as 
though the rigorous control of differen- 
tiation by nature were little by little 
relaxed, the individual having, as it 
were, fulfilled the physical requirements 
for which he was ordained and being 
now a less desirable creature from na- 
ture’s point of view. I do not mean to 
press this figure of speech : it suffices to 
clothe the impression which I wish to 
convey. 

This field of investigation is virgin and 
affords so much opportunity for work 
that we must not be expected to set forth 
all our researches in detail for years to 
come. Until then determination of age 
will be largely the perquisite of those 
who have worked upon this material at 
Reserve alongside us and have learned 
by practical experience, covering a bat- 
talion of skeletons, how to interpret dif- 
ferences sufficiently obvious when stud- 
ied by the quantitative method 

Age at Death in Roman Pbovinoss 

In 1918 Macdonell published a very 
important essay on the expectation of 


life in Rome and the Roman colonies in 
Spain and Africa, based upon data ex- 
tracted from the Corpus inscriptionum 
latinarum of the Berlin Academy.* 
These Inscriptiones give the ages recorded 
on tombstones of the general population. 
It may be assumed that the records are 
not those of the lowest of the people 
though most often they refer probably 
to slaves and freedmen of the well-to-do 
classes in Rome and to a population of 
somewhat higher social status in the 
colonies. There is no conclusive evidence 
at present of the precise date of these 
records although they are all certainly 
within the first six centuries of the 
Christian era and mostly belong to the 
third and fourth centuries. It was 
Marcus Aurelius who first introduced 
official registration of births in Rome 
and the provinces. For astrological pur- 
poses also the age, especially the day and 
the hour, was necessary. The age of 
Christians is stated as a rule with 
greater accuracy than that of non-Chris- 
tians. Many of the tombstones have the 
letters P. M. (plus, minus) prefixed to 
the age, especially when the age is given 
in multiples of five. This habit of stat- 
ing age in multiples of five becomes more 
pronounced as individuals grow older 
and results in a jagged appearance of 
the curves (Pig. 2). It would be inter- 
esting to know if these provincials, espe- 
cially those of Africa, were of l^man 
descent. As epiigration of Italians is 
known not to have been great, and as 
many of the names are native in origin, 
it is probable that we are dealing fre- 
quently with the graves of people of 
local African origin. These are not 
Negroes but North Africans, Cartha- 
ginians and the like. 

From the records summarised in the 
foregoing statements it is clear that the 
Inscriptiones give a fair idea of the mor- 
tality curves in Rome and the Roman 
colonies in Africa and Spain during the 
first three or four centuries A. D. 

• Loe , eit. 
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YBAKB. ^ Non THE EARLY PEAK OF MAXIMUM MOBTALITY AND THB INCREASING FLUCTUATION 

AITER THIRTY-FOUR YEARS. 


What may be the cause of the peculiar 
curve for Rome itself we need not pause 
to inquire. The curve is plainly abnor- 
mal and hence is of no moment for our 
present investigation. 

The mortality curves for the African 
and Spanish colonies, on the other hand, 
bear the mark of approximation to nor- 
mality. In both geographical areas the 
peak comes in the third decade for both 
males and females. It is important to 
notice that a saw-tooth character ap- 
pears in both curves only at the end of 
the fourth decade. Up to this date the 
curves are regular; thereafter a signifi- 
cant fluctuation takes place which, it 
will be found, is matched in our own 
curves from the dissecting room. The 
only satisfaetoiy explanation of this 
jagged character of the curves is a lack 
of precision in recording the exact age. 
While for astrological purposes the birth- 
day is remembered, the year of birth be- 
comes forgotten. This is sufficiently ob- 
vious in later y^ears of life, even as it is 
to-day. One can not accept without 


question the statements of old age as 
recorded on the Inscriptiones which in- 
dicate a duration of life of about one 
hundred years as not uncommon, espe- 
cially in Africa. 

The peak which appears about sixty 
years in Spain and about seventy years 
in Africa must not pass unnoticed. 
Though not so high as the peak of the 
third decade it is high enough to indi- 
cate a second mode in the mortality 
curve. Whereas, in the light of data 
still to be presented, the earlier peak 
may be considered that of young or mid- 
dle age this one must be regarded as the 
peak of old age. 

CuBVEs OF Modern Middle Age 
Mortality 

Attention should next be directed to 
the dissecting room curves. The popu- 
lation represented by the material in 
our anatomical laboratory can not by 
any stretch of the imagination be re- 
galed as typical of the community. 
This sample is distinctly selected. Its 
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composition has been discussed in an 
earlier paper.*® This is not a pure hos- 
pital population such as Pearson has 
studied,** for besides the regular hospi- 
tal patients it contains relatively few 
victims of chronic diseases, but, on the 
contrary, includes many individuals who 
have met their death in sudden and vio- 
lent manner through accident, by homi- 
cide and at their own hands. There has 
been no conscious selection by age. It 
may be assumed with some confidence 
that the series is a fair sample of the 
population of Cleveland which, through 
some inherent mental or moral inade- 
quacy, is unable to make those adjust- 
ments necessary to a successful life in 
modern environment, ** paltry victims to 
the spirit of mental and social restless- 

Todd, T. W., and Kuenzel, W., 1924, * * The 
Thickness of the Scalp.” Joum, Anat., VoL 
58, p. 237. 

Pearson, K., Blakeman, J., and Lee, A., 
1905, ”A Study of the Biometric C3onstants of 
English Brain Weights and Their Belationahips 
to External Measurements.” Biometrika, VoL 
4, p. 125, also Greenwood, M., 1904, ”A First 
Study of the Weight, Variability and Correla- 
tion of the Human Viscera. Biometrika, Vol. 
3, pp. e4””e5. 


nesB that makes so many unhappy in 
these days.''** In other words, they are 
the people to whom are denied the secur- 
ity of life and the comfort of living 
which are characteristic of our civiliza- 
tion. 

Figure 3 gives the mortality curve of 
445 white males delivered to the labo- 
ratory between 1913 and 1921. These 
records were collected for another re- 
search, namely, an investigation of 
cranial thickness : they can therefore 
have no bias favoring the present in- 
quiry. Once again we see the tendency 
of the patient to give his age in lustra 
of five years, just as in the Roman mor- 
tality curves. The median of this aeries 
falls in the age of forty-five years, a 
rather significant fact, inasmuch as 
forty-two years contains the peak of 
death in Pearson’s curve of middle age 
mortality (Pig. 1). 

Figure 4 is the mortality curve for 
250 male Negroes also delivered to the 
laboratory during the same period. 
Again appears the tendency to give the 

Hardy, T., 1895, ”Jude the Obscure.” 
Ed. 1923. New York. p. 887. 



Fio. 3. Mortality graph for White males m disszotihc-boom populatiom, Ouivblamd. 
Ordinates, age in tears : abscissae, number op individuals. Note tzndenot to give age in 
lustra of five years* Median in blaok square. 
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Flo. 4. MORTAUTY graph for NiMRO MALES IN DISSECTING-ROOM POPULATION, CLEVELAND. 
Ordinates, aoe in tears: abscissae, number of individualb. Note tendency to give age 

IN LUSTRA OF FIVE YEARS. MEDIAN IN BLACK SQUARE. 


age in lustra of five years, though this 
is not so marked as among the whites, 
because the habit seems to develop after 
the age of thirty. The median of this 
series falls in the age of thirty-three 
years. I am not sure that the difference 
in position of the median from that of 
the white males is a true difference. It 
may well be that we have here a con- 
fusion due to the overlapping of a curve 
of adolescent death: for there are rela- 
tively many more Negro deaths in the 
third decade. The significant fact is 
that death in this population occurs 
relatively early in life. It is not a popu- 
lation of state-supported paupers, like 
the dissecting room material in England. 
There is here no indication whatever of 
Pearson’s curve of old age death. 

Mortality among Primitive Peoples 

I. West African Tribes 
During 1925 I had the good fortune, 
through the courtesy of Sir Arthur 
Keith, to be able to study the series of 
skulls of West African tribes housed in 
the Museum of the Royal College of 
Surgeons in London. In this series are 
189 skulls, exeluding those of children. 
With some of them are definite records 
of sex and even of approximate age, but 
for the majority sex and age must be 
diagnosed anatomical means. In sev- 
eral recent articles I have dealt with the 


ago indication of suture closure.^” The 
general plan of suture union seems to be 
a real progress of union from about 
twenty-two to thirty years, at which time 
there is a definite inhibition of progress. 
This is a slowing up of union, not a 
prohibition of further closure. As a 
result individual variation is so great 
that suture closure, especially on the 
exterior of the skull, can not be used as 
a very reliable age indicator: its evi- 
dence gives an approximate date only. 
Texture of the skull, on the contrary, 
is a more certain guide. So far it has 
proved impossible to set forth our ex- 
periences with skeletal texture in an in- 
telligible manner ; age estimation by this 
means is a matter of experience which 
can be demonstrated upon actual ma- 
terial. We usually make the estimate in 
lustra of five years. 

Of the West African skulls in the Col- 
lege of Surgeons collection there are 108 
male, 79 female and two of uncertain 
sex, it being understood that these figures 
are the outcome of my own estimation of 
sex, where that is missing from the rec- 
ord, and not necessarily the sex given 
arbitrarily in the catalogue. 1 have dis- 
carded the catalogue statements, as they 
record the appreciation of laymen or of 

18 Todd, T, TV., and Lyon, D. W., 1924-26, 
‘^Oranial Suture Closure,’' Parts I, II, III, 
IV. Joum. Pl» 2 fs. Anihfopel,^ Vol. 7, pp, 826- 
884; Vol. 8, pp. 23-46, 47-71, 149-168. 
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medically trained observers with but 
little experience of the features of the 
Negro stell. 

The result of my notes upon age of 
this West African population is recorded 
in Figure 5. The median specimen is 
indicated by the circle and falls in the 
lustrum ending at thirty years. This is 
rather striking when we recall that the 
median of the W. B. U. modem Amer- 
ican Negro laboratory population falls 
in age thirty-three years. The peak of 
mortality falls in age twenty-five to 
thirty years. This again is striking in 
view of the fact that the peak of Roman 
Africa also falls in the third decade. Of 
course Roman Africa and West Africa 
are widely different areas and the in- 
habitants represent quite diverse popula- 
tions. The really significant fact is that 
an earlier peak occurs among the West 
Africans in the third decade and another 
in the sixth. 

Now it is impossible to exclude artifi- 
cial selection among these skulls. Many 
skulls were chosen from cemetery ma- 
terial by the donors, and it is natural to 
suppose that these collectors would 
choose the skulls which seemed to them 
most ''perfect.'' By this we must infer 
completeness of skull (not necessarily 
presence of the mandible), a good and 
relatively unworn dentition, and plain 


visibility of suture lines. It should, 
however, be remembered that native 
African skulls are apt to retain a good 
dentition throughout the majority of 
adult life, and also that suture lines (m 
the exterior of the cranium do not oblit- 
erate early or completely as a rule. The 
bi^ would appear to be in favor of the 
young adult skull, and one may inquire 
if the peak during the third decade is 
not really a spurious result of artificial 
selection. It is my experience, however, 
that the skull which remains intact long- 
est after burial is not that of the young 
adult, nor of the senile individual but 
that of the middle aged person, between 
forty and fifty years. Cemetery ma- 
terial is likely to yield far more of these 
skulls intact than those of younger or 
older people. Hence the collector's de- 
sire to obtain young skulls would be to 
a large extent neutralized by the material 
among which he would have to choose. 

Turning now to another doubt which 
rises regarding such material, namely, 
the question of its origin, was it, for ex- 
ample, material from the bodies of war- 
riors slain in battle f The answer to this 
is given in Table I shown below. It is 
not usual for an African tribe to give 
permission for the exhumation of its own 
people. The tribe will more readily ac- 
cord permission for the rifling of a ceme- 
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TABLE I 

Wbbt AnuOAN Knoww Tbibbs 
Boyal College of Burgeona (Including Barnard 
Darie collection) 


Texture 

years 

Bex 

unknown 

Male 

Female 

16 


2 

12 

20 


14 

8 

25 

2 

21 

16 

80 


21 

12 

85 


16 

10 

40 


9 

9 

45 


6 

8 

50 


6 

4 

56 


10 

5 

60 


1 

0 

60 + 


2 

0 

Totals 

2 

108 

79 


tery of outlanders who have died on 
their territory during a trading journey. 
Somewhere in hia writings Sir Harry 
Johnston records the observation that 
Negroes are only locally immune to the 
peculiar African diseases which are in- 
sect borne. If the native be transferred 
as little as sixty miles from his home he 
is susceptible just as are other foreigners 
to the locality. The relatively large 
number of females indicates that the 
sample is that of a general population, 
and the earlier peak of mortality in the 
third decade coincides in the two sexes. 
The later peak is not apparent in the 
females, probably because of the small 
number of individuals represented. 

Despite its shortcomings this sample of 
native African humanity, being ail we 
have as yet to guide us to a record of 
West African mortality, may be utilized 
with some confidence in a comparison 
like that upon which we are now en- 
gaged. 

II. , romamana 

Partly owing to the habit of crema- 
tion, but largely for other reasons, the 
recently extinct Tasmanians have left 
but few records of their physical fea- 
tures. The largest collection to-day is 
that in the College of Burgeons, which 


contains thirty-six skulls with a few 
skeletons. Of the skulls thirty-two are 
sufiSoiently complete to be us^ in this 
study. The collection includes a number 
originally belonging to Barnard Davis 
in whose Thesaurus craniorum^^ and in 
the official catalogue of the museum are 
descriptions of the finding and recovery 
of these skulls which vie with tales of 
adventure in thrilling incidents and sug- 
gestions. " * I will not speak of our 
labours and dangers in the adventure: 
it was the painful occasion of the loss of 
two of our three boats with their crews 
of nine men,'’ writes Dr. Archibald Sib- 
bald, B.N., in 1854, presenting one fe- 
male cranium to the museum,^* a child 
of sixteen years, according to my obser- 
vations. The worst of all records is that 
of cranium 1417 from the Barnard Davis 
collection in which it has the number 
1121 . 

Dr. Joseph MiUigan, “Protector of the 
Aborigines," gravely sets forth the de- 
tails of the murder of this native, a man 
of thirty-five years according to the skull 
texture, by a nightmare ridden hut 
keeper in a record^” equalled only by Du 
Chaillu’s terrified description of the 
“ferocity" of the gorilla.'^ 

Figure 6 gives the result of my study 
of age on this small population. Again 
the peak of mortality is early, occurring 
at fifteen years. The majority of deaths 
took place about or before twenty-five 
years, though there is suggestion of a 
second peak in the sixth decade. The 
sample is much too small for emphasis, 
but the curve is significant, to my mind, 
in that its peaks follow the general rule 

14 Pavia, J. B., 1867, ^'Theaauroi eranl- 
omm. ’ ’ London. 

10 Flower, W. H., 1879, Catalogue of the 
Bpeeimena Ulnstrating the Osteology and Den- 
tition of Vertebrated Animals, '' Part X, 
<<Man,’* pp. 201"80&. London. 

10 Davie, J. B., too. ciU pp. 270-871. 

irpu Cbailla, P., 1861, Explorations and 
Adventures in Equatorial Afrl^*’ Ijondoa. 

pp. 860-^68. 
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TASMANIANS 
SKULLS R.C.S. 

AGE 
10 • 

15 • • • • • • 

20« • • • • 

25 » • • • • 

30 ® • • 

35 * • 

40 ® • • 

45 

50 ® • 

55 ® • • 

60 

♦ • • 
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I2PCIIALE 

Fiq. 6. Mortality graph based upon age esti- 
mates ON SKULLS OF TASMANIANS. ORDINATES, 
NUMBER OF INDIVIDUALS: ABSCISSAE, AGE IN 
LUSTRA OF FIVE TEARS. 

observed so far in the observations set 
forth in this paper. 

The details by sex are given in Table 2. 
In view of the greater resistance offered 
to decay by skulls of .forty and more 
years, it is quite remarkable to find so 
many young crania. 

Mortauty in English Populations 
J. Bronze Age, Furness 
Through the kindness of Mr. William 
Atkinson, of Ulverston, I had the oppor- 
tunity, in 1925, of examining the re- 
mains of sixteen individuals of the 
Bronze Age in a disc burial on Bizicrigg 
in Furness. Though the remains were 
scanty and my time short it was suffi- 
ciently evident that the age of all sixteen 


TABLE n 
Tasmanians 

Royal College of Sargeona (Ineludiag Barnard 
Davis oollectio&) 


Texture 

years 

Sex 

unknown 

Male 

Female 

10 


0 

1 

15 


8 

4 

- 20 


4 

1 

25 


8 

2 

80 


2 

1 

86 


2 

0 

40 


2 

1 

45 


0 

0 

50 


1 

1 

55 


8 

0 

60 


0 

0 

60 + 


1 

1 

Totals 



12 


persons ranges from seventeen to thirty 
years; there were none older than this. 
It is by no means my intention to sug- 
gest that Bronze Age people did not live 
to a greater age. I merely desire to 
record the experience at this one particu- 
lar burial, the only site which fortune 
enabled me to visit. 

II, The\ Scarborough Medieval 
Community 

SL plot of ground half-an-acre in 
extent, on the seaward extremity of 
Scarborough Castle Hill, are three quite 
distinct types of ancient remains; a 
Bronze Age village, a Boman signal sta- 
tion, and no fewer than three chapels, 
one earlier and two later than the Nor- 
man Conquest.'"^* 

Mr. F. O. Simpson, who explored the 
area with a thoroughness and precision 
of detail most inspiring in its nature, 
was kind enough to take me over the site 
and expound the results of his work. At 
the same time Sir Arthur Keith and 
Miss M. L. Tildesley, in whose charge 
the skeletons now are, at the College of 

IB Gollingwood, B. G., 1685, ''The Boman 
Signal Station on Oaetle Hill, Boarboroiigli. ^ * 
Printed for the Corporation of Scarborough by 
E. T. W. Dennis and Sons, pp. 1-^. 
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Surgeons, permitted me to examine the 
remaina at my leisure. Of these one 
hundred and forty-three were suitable 
for my purpose and with Miss Tildeeley 
and Miss George I made a record of the 
i^eletal age of each. The bones on 
which we were able to make notes dated 
from the eleventh, twelfth and thirteenth 
centuries. One of the most striking 
features of the skeletons was the fact 
that tooth wear gave no indication of 
age. Indeed it is possible to separate 
the skulls into two series, one showing 
little wear and the other relatively con- 
siderable wear of teeth at identical ages. 
I am led thus to believe that we encoun- 
tered, in this site, either two grades of 
society or a marked reduction in the 
coarseness of food during the two hun- 
dred years or more represented by the 
skeletons. The former theory has prob- 
ably more to support it than the latter. 


Once again we estimated texture ages in 
lustra of five years. 

Figure 7 gives the mortality record 
with the total numbers for each lustrum 
at the right-hand side. Of the young 
children it was impossible to make an 
adequate study, but our records show a 
peak in childhood in the second lustrum, 
an adolescent peak at nineteen, a middle- 
age peak early in the fifth decade and 
the suggestion of another late in the 
sixth decade. There is no peak of old 
age. Granted that senile skulls do not 
weather so well as those of middle age, 
the theory of accident will not account 
for the relatively small number of aged 
members of the community, for in this 
series the skeletons were preserved also 
in very many instances. We must con- 
clude then that few individuals reached 
advanced years. The median of the 
scries falls in age thirty-five to thirty- 
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nine years. There is a suggestion of a 
plateau from the fourth to the sixth 
decade, as most deaths occurred during 
tiiis phase of life. 

As a check on these anatomical ob- 
servations just recorded we may turn to 
the pages of Montaigne. But it is to the 
Florio edition that we must refer in 
order to get the requisite flavor: the new 
Ives translation, literal and laborious, 
prejudiced by unwarranted a8sump>- 
tions, will only mislead in these passages. 
Miss Norton and Mr. Ives make the 
curious inference that in speaking of the 
age to which ordinarily a man might 
hope to attain, Montaigne wrote in dis- 
regard of contemporary facts. What- 
ever qualifications these authors other- 
wise f^ow, the student of Montaigne, 
with the context of the Essayes before 
him, will have to discount their strain- 
ing at the text on age.'* ‘ ‘ I was borne, ' ’ 
writes Montaigne, “betweene eleven of 
the clocke and noone, the last of Febro- 
arie, 1533. ... It is but a fortnight 
since I was thirty-nine yeares old. I 
want at least as much more.” Then 
continuing, addressing himsdf, he 
writes, "Thou has already over-past the 
ordinarie teannes of common life. And 
to prove it, remember but thy acquain- 
tances and tell me how many more of 
them have died before they came to thy 
age, than have either attained or out- 
gone the same : yea *and of those that 
through renoune have ennobled their 
life, if thou but register them, I will lay 
a wager, I will find more that have died 
before they came to five and thirty 
yeares, than after.”*® 

1 * Montaigne, M., The euayt of. Tranalatod 
by George B. Ito*, Introduotiona by Oraee Nor- 
ton. Cambridge, U. 8. A., 192S, Tol. 1, p. 108, 
Vol. 2, pp. 84-5. 

>0 Montaigne, M., "The Esiayee of Hiehael 
Lord of MontMgne done into EngUah by John 
norio with an Introdnetlon by ThonM Bee- 
eombe, the flrit booke," London, 1908. YoL 
1, pp. 77-78. 


And again, in treating of age, Mon- 
taigne writes, "To die of age, is a rare, 
singular and extraordinarie death, and 
so much lease natural than others. It is 
the last and extremest form of dying 
... an exemption, which through some 
particular favour, she [Nature] bestow- 
eth-on some one man, in the space of two 
or three ages!”*' 

With these significant words of Mon- 
taigne ringing in my ears and fresh 
from the Scarborough skeletons, by a 
rare piece of good fortune I encountered 
Mr. Harold Hulme, then of Cornell Uni- 
versity Historical Department, at work 
in the British Museum upon the records 
of members of Parliament between 1604 
and 1629 A. D. Mr. Hulme generously 
allows me to quote from his unpublished 
researches.** I have therefore drawn up 
Table III to demonstrate the age of 
political activity during the early Stuart 
period. 

TABLE m 

Aoxs or Mkmbbis or PAauAmirr 
1604-1629 
(Harold Hulme) 

Of 825 known member* there are record* of 
age of 427 


Age 

Number 

20^0 

98 

51-40 

188 

41-50 

102 

51-00 

52 

60 + 

27 


Under 25 year* 61 membem 


The peak of activity comes in the 
fourth decade, and there are nearly as 
many members under thirty years of 
age as between forty and fifty. The fall- 
ing off after fifty is marked and the 
number under twenty-five years is sig- 
nificant. 

n Id. Vol 1, p. 450. 

aiHulma, H., "Member* of Parliament 1804 
to 1629," (anpubUdiedi perwmal eommualea- 
tion). 
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The relative youth of these members 
of Parliament must not be dismissed as 
misleading on the ground that in Stuart 
times the modem secret ballot was un- 
known. Nor must it be concluded that 
the positions were hereditary. The ma- 
jority of the elections were genuine con- 
tests. Farmer and agricultural laborer 
did not exercise the franchise, but the 
yeoman freeholders held very important 
the privileges of Parliament and the 
principle of no taxation without repre- 
sentation. Trevelyan** (pp. 10-105) 
gives a very clear and impressive ac- 
count of the parliamentary elections and 
methods of thei time and I derive this 
synopsis from his statements. Gentry 
and burgesses shared between them the 
representation of the country, and at 
election time knights, squires and baron- 
ets courted the yeomen hat in hand on 
market days, seeking votes for their 
return to Parliament. Some 400 mem- 
bers sat for the towns, and but ninety- 
two for the counties. Yet since many 
boroughs chose country gentlemen as 
their representatives there was not in 
practice the disproportion between town 
and county which would appear in 
theory. In the official returns of each 
Parliament 350 out of the 400 borough 
members are styled baronets, knights, 
squisres and gentlemen as against a 
couple of score or so aldermen, mer- 
chants and mayors. A certain number 
of boroughs in the Cornish villages were 
in the hands of the Crown or of private 
land owners but in the seventeenth cen- 
tury the proportion of these non-elective 
boroughs was not large. Corruption of 
voters by money also was not so general 
as it afterwards became. In many cases 
tile Eni^ish burners preferred to lo(^ 
for a representative outride their own 
elasB. Hence taking into oonrideration 
all tile available information we may 

uTmelraB, O. M., 1004, mdw 

the Smarts,” London and Now York. 


justly conclude that the age distribution 
of these members as recorded by Mr. 
Hulme does give a substantially correct 
impression of the active age of manhood 
in the first quarter of the seventeenth 
century. It is probably more accurate 
for our purpose than the records of 
earlier or later parliaments up to the 
reform of the ballot in the earlier part 
of last century. 

Thus the straws of evidence all point 
in the one direction. The peak of old 
age death, so prominent in modem mor- 
tality curves, fades into insignificance 
the further we recede from the present 
day and in the dimmer records of the 
distant past we find no real indication 
of its existence. 

Mobtalitt in Pecos, New Miexico 

In recent years Dr. A. V. Kidder has 
been employed upon excavations on the 
Pecos site in New Mexico. Through the 
kindness of Dr. Kidder and Dr. Hooton, 
in whose charge the skeletons from Pecos 
lie in the Peabody Museum of Harvard 
University, I was permitted to examine 
this magnificent series of remains from 
594 individuals, the dates of whose lives 
range from 800 to 1800 A. D. No other 
collection to which I have had access 
surpasses this one for completeness of 
skeletons, precision of data, and thor- 
oughness of care. It is a monument to 
archeological efficiency. The skeletons 
are segregated into periods by the glaxes 
on the pottery. Later I hope to analyze 
the records of the life period at the Af- 
ferent dates indicated by these glazes. 
For the moment, however, our neeA are 
fulfilled by the information given in 
Figure 8. 

With the energetic and capable help 
of Mrs. Ethel Clarke Yates and Mr. 
George L. Williams, I assessed the age 
at death of these approximately rix hun- 
dred skeletons and the record shows 
admirably the suooesrive peaks of mor- 
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tality. The very young children are 
represented by such scattered remnants 
that, as nsnal, they must be discarded. 
Hence our first peak falls in the second 
lustrum. The adolescent peak between 
fifteen and nineteen years is quite strik- 
ing. After that there is a plateau from 
the later part of the fourth to the later 
part of the sixth decade with the median 
skeleton falling into age forty to forty- 
four years. After the sixth decade the 
number of deaths falls ofl! rapidly and 
old age shows no peak. 

Over the thousand years represented 
by this series there is no indication that 


life to old age was anything but an 
exception. 

CONCLUBION 

The inference to be drawn from these 
several studies seems very clear. The 
various peaks of mortality coincide 
pretty well throughout the investigation 
and they reproduce fairly the several 
peaks into which Pearson has analyaed 
our modem mortality curve. The com- 
manding peak of middle age death is not 
accounted for by the accident that skulls 
of forty to fifty years weather better 
than others, for this peak is eonfinhed 
by the skeletons as well as the ^oUa. 
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In the times when Borne imposed her 
peace upon the civilized world, there is 
evidence of frequent survival to old age, 
but this peak of senility is quite lacking 
in the troubled times of medieval En- 
gland and the little known native cul- 
ture of the American continent. 

In the native populations of West 
Africa and, so far as we have evidence, 
of Tasmania, the peak of mortality oc- 
curred at a relatively early age, but this 
has its reflection in the early peak of 
our Negro population of the dissecting 
room. 

The peak of middle age death for 
populations other than those of Africa 
and Tasmania occurs in the early part 
of the flfth decade and this again finds 
parallel in our white dissecting room 
population. 

Obviously, the modem series of the 
Western Reserve anatomical department 
give no indication of actual duration of 
life in the general population of the 
country but rather represent that 
stratum of society subjected to hazards 
in many ways comparable with the risks 
of the medieval and native populations 
which have been investigated. 

The superficial observation that, 
among native tribes, old men are often 
encountered has no bearing on this 
problem. It is natural to put forward 
the patriarchs with their accumulated 
wisdom when strangers are in evidence 
or bargains are to be made. We must 
not let this human impulse blind our 
eyes to the naked record of the bones. 
"And the Lord commanded Moses con- 
cerning the Levites, saying . . . and 
from the age of fifty years they shall 
cease waiting upon the service and shall 
serve no more.'"** Perhaps our best 
evidence will always be, at least for 
those generations long since gathered 
into oblivion, the evidence of the skele- 
tons which Time has not effaced. At 

M Kwahany TUI, 8S. 


least the possibility of reconstructing 
once more something so intimate in the 
life of these lost centuries as the record 
of mortality gives us a closer link with 
those who have passed before us along 
the pathway of humanity. 

Trevelyan** concludes his delightful 
work with an inspiration aptly fitting 
the mood in which we must draw this 
record also to a close. "The more hon- 
estly we attempt to compute the number 
and quality of the things wherein the 
value of life consists even in our own 
generation, and at our own doors, the 
more complex and difficult does such a 
calculation appear. How much less, 
then, shall we be able to pluck out the 
innumerable secrets of the past, count 
them, weigh them, and so find the total 
value of some dead century. What we 
know is indeed an infinitely small pert 
of what has been; but it is all that is 
left us now and by it we can still escape 
in imagination from the decree pass^ 
against each of us at his birth, that he 
should not issue forth from his narrow 
space of years, with its little circle that 
looks so large, of modern thoughts and 
sights and sounds." . . . Through these 
poor skeletal records, as through Treve- 
lyan’s sages and poets, heroes and mar- 
tyrs of history — "through these alone 
can all the dead live so that the living 
may see them where they stand." 

SUMllART 

(1) By the examination of skeletons 
it is possible to estimate the age at death 
of ancient or primitive populations. 

(2) The chief difference between 
these peoples and civilized populations 
of to-day is the apparent fact that the 
peak of old age death is a comparatively 
modem achievement resulting from 
greater safety and improved conditions 
of living. 

Mt., pp. 616-7. 
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(3) The difference between the peaks 
of mortality in primitive and ancient 
people on the one hand and of modem 
civilized humanity on the other is 
roughly thirty years. 

(1) This difference does not indicate 
a prolongation of the potential duration 
of life which undoubtedly remains sta- 
tionary through the ages. 


(6) In modem populations, even in 
civilized communities, drawn from the 
lower strata of society, the old age peak 
characteristic of to-day is not to be 
found, owing to the relatively great haz- 
ards of life to which these unfortunate 
people are exposed when not sheltered 
by specific social legislation. 



THE STUDENT OF NATURE^ 


By Dr. PAUL R. HEYL 

BUREAU OF BTANDAABS 


The long life of Sir laaac Newton 
comprised many different activities. For 
a brief period in his early years he prac- 
ticed alchemy, being engaged with a 
relative in the search for the philoso- 
pher’s tincture. Though never in holy 
orders, he devoted considerable attention 
to theology, and was a forerunner of the 
modem school of “higher critics,” For 
the last thirty years of his life he was 
an important and highly paid offloial of 
the British government — the master of 
the mint. He was a good citizen, active 
in the defense of the traditional rights 
of the universities against political en- 
oroaohment. But for none of these is he 
remembered to-day. Hundreds of men 
have equalled or excelled Newton in such 
respects, and all have been swept by re- 
lentless time into the limbo of mediocri- 
ties. 

It is a matter for the instruction, re- 
proof and correction of the materially 
miinded to reflect that he to whom we 
are met to do honor is remembered for 
that period of his life when he was one 
of a class to-day often despised and re- 
jected of men — a college professor, and 
withal for some years so straitened in 
circumstances that because of his inabil- 
ity to meet his payments to the Royal 
Society “it was agreed to by the coun- 
eil” (in the quaint language of the old 
record) “that he be dispensed with, as 
several others are.” It is to be added, 
however, that he wa{3 later reinstated and 
that he served the society as its president 
for the last twenty-five years of his life. 
But it was during this period of narrow 

t PubliBhed by perndwion of the Director of 
the Natioiud Bureau of Staadarde of the U. 8, 
Department of Oommeree. 


means and social obscurity that Newton 
accomplished the work which has made 
his name immortal. It is as a student 
of nature that he is remembered, and it 
is as fellow students of nature that we 
do honor to his name. 

And what is there so remarkable about 
the study of nature that it should confer 
such distinction upon its devotee t Per- 
haps if we were suddenly called upon to 
answer this question we might hesitate. 
It may therefore be worth our while to 
devote a little time to the observation of 
the natural history and habits of this 
particular human type as illustrated by 
the concrete case of Newton. 

How does this type originate t What 
are the predisposing causes which lead 
one to take up the study of nature? 
This question is diflBcult to answer be- 
cause in so many notable cases the stu- 
dent does not consciously “take up” the 
study at all. It frequently seems to be 
a matter of predestination. Maxwell 
showed his bent almost before he could 
talk plainly; and in Newton’s case this 
precocity was the more evident because 
of the absence of scientific suggestion in 
either his heredity or his environment as 
a child. He was the son of a small 
farmer, and it was originally intended 
that he diould follow his father’s oecu- 
patioGti. The school curriculum of his 
day was composed principally of Latin, 
which was so little to the young New- 
ton’s taste that he was for a time re- 
garded as a dull boy, perhaps the more 
so because he spent much time in the 
construction of windmiUs and mechani- 
cal toys; but he later lived down this 
reputation and stood well in his dasses. 
It is as natural for ^ Newton or a Max- 
497 
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irell to tom to the stady of natoie os it 
is for a duck to swim, aii' artist to paint 
or a poet to sing. 

It is told of Newton that when he was 
in his fifteenth year it was his mother's 
custom to send him to town on market 
days in the company of a faithful family 
servant Such a trip to a normal coun- 
try boy usually means a day of excite- 
ment and pleasure; but how did the 
young Newton spend his time in townt 
He allowed the servant to attend to the 
errands which occasioned the trip (as 
indeed most boys would have done) but 
he spent the precious hours of the day, 
oblivions to the attractions of the vil- 
lage, among the books of the local 
apothecary. 

The fascination of nature for the 
child is understandable. Every one of 
us is bom into a wonderluid, and our 
endless questions about what wc see 
sometimes try the patience of the adult 
and often exceed Us ability to answer. 
And the mature student of nature is 
characterized by the retention to a re- 
markable degree of certain of the men- 
tal characteristics of the child ; his fresh 
wonder, his insatiable curiosity. Such a 
one never becomes blas4. To the end of 
his days he is keenly sensitive to the 
wonder of the commonplace. Even so 
simple a phenomenon as the falling of 
an apple from a tree may start within 
him a train of thought which may lead 
up to a great generalization, such as the 
law of universal gravitation. 

The childlike side of the student of 
nature is well illustrated by the story 
told of Faraday by a visitor who hap- 
pened to be present when the scientist 
had reached a successful conclusion to 
his experiments on electrodynamic rota- 
tion. The visitor tells that when Fara- 
day saw the current-bearing wire revolv- 
ing about the pole of the magnet he 
executed a childish dance of doHght 
around the table and insisted that his 
visitor should accompany him forthwith 


“to Astley’s and' see the performing 
horses.’’ 

That the motives of the student of 
nature are in part instinctive and child- 
like is, 1 thiific, well understood by peo- 
ple in general This is one reason for 
the amused tolerance or even contempt 
with which he is regarded in certain 
quarters. But when the student of na- 
ture becomes a man, though be may not 
altogether put away childirii things, he 
adds to them the rational motives of the 
adult. For this he sometimes receives 
scant credit. “Will yon tell me,’’ asks 
some one, in a wondering or perhaps 
contemptuous tone, “why a men of your 
abilities should spend his time as you do 
when he might be making real mon^ at 
a man ’s job f ’ ’ The scientist frequently 
allows such a question to go unanswered, 
because he realizes that if the answer 
could be understood the question would 
probably not have been asked. Some- 
times when questioned thus he will 
direct attention to the ocoamonal impor- 
tant practical application of his re- 
searches, though he does not regard this 
himself as a complete explanation of his 
own conduct. He may hand out this 
answer as an argumtntum ad hommsm, 
but as nothing more. Equally unsatis- 
factory is the explanation sometimes 
advanced for him t^t the scientific man 
is actuated primarily by the desire for 
fame, for the approtmtion of Ms fellows. 
Both this and the practical motive have 
place in the psychology of the student 
of nature, but he knows in his own soul 
that if the progress of science had de- 
pended solely upon these incentives it 
would never have reached its present 
state. 

It is true that there is in the mind of 
every scientific woriser a very human 
enjoyment of the pleasure of ^e game. 
With each obstacle overoome, with each 
difficulty resolved, we fed our musdei 
growing, and we rejoiee os a strong hmub 
to run a race. But potent as this matits 
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Toxy be and omnipreeeDt aa it ia, tbe 
thone^tfol atndent mint adnut its easan- 
tialiy aelflrii ehaiweter; and when we 
ponder over the nature of the phenome- 
non we ore endeavoring to explain the 
conviction ia borne in upon us that noth- 
ing aelflah ia either deep or broad 
enough to account for it. The most 
potent motive actuating the student of 
nature, as in fact nearly every one else, 
must be idealistic. 

One motive of this description is illus- 
trated by Newton’s case and by other 
scientific worirers that might be men- 
tioned, particularly Faraday. Newton’s 
mind was of a distinctly religious cast, 
as his writings show. Such a mind finds 
much in the aspect of nature to nouri^ 
and foster this religious feeling, and 
conversely finds in its own point of view 
the justification for its efforts; for to 
such a mind the unraveling of the secrets 
of nature is but following the thought of 
God, the fulfilling of the chief end! of 
To such a mind no other motive 
appears necessary; yet the student of 
students of nature must recognize that 
this ia not the whole story, even in New- 
ton’s case. 

There are many scientific men to-day 
in whose mental make-up the religious 
motive (at least in the traditional sense 
of that term) seems to play but a minor 
part. In some extreme cases it appears 
to be altogether absent ; yet rach types 
are just as zealous and industrious in the 
study of nature as their more patently 
reli^ous brethren. For the motives 
sictnating such oases we have still farther 
to look. 

Newton’s greatest scientific produc- 
tion, that for which he is chiefly remem- 
ber^ to-day, is undoubtedly the Prin- 
eipia, the "Mathematical Principles of 
Natural Philosophy.’’ And what was 
Newton’s object in writing this woricf 
Not primarily the greater glory of God, 
thongh its pages are not without devout 
reference ; ^e motive of the book is obvi- 


ous to the most casual reader: the reduc- 
tion of all the phenomena of mechanics, 
terrestrial and celestial, to law and order 
and, so far as possible, to a single cause- 
gravitation ; in other words, the explSna- 
tion of nature. 

So deep has been the impress made by 
this work upon subsequent scientific 
thought that it is hard for us to-day to 
put ourselves in the mental position of 
scientific students prior to its publica- 
tion. Such students there were, and 
they were by no means lacking in acu- 
men, but tin sum of their accomplish- 
ments amounted only to a number of 
isolated facts and a few shrewd specula- 
tions. 

Kepler had discovered by his studies 
of Mars that a planet moves in an dlipse 
with the sun in one focus, and that the 
radius vector drawn from the sun to the 
planet sweeps out equal areas in equal 
times. Later, he announced the law 
connecting the distance of a planet from 
the sun with its time of revolution to its 
orbit. But these lews as stated by Kep- 
ler were merely observed facts with no 
correlation and no satisfactory assigned 
cause. Hoirocks, one of the two first 
observers of a transit of Venus, had in 
a vague way suggested that possibly the 
earth's gravitation might reach to the 
moon, but he offered no demonstration 
of it. The inverse square law of gravi- 
tation had, it seratts, prior to the publi- 
cation of the "Principia” occurred to at 
least three contemporaries of Newton. 
But Newton possessed what was lacking 
in these others — ^vision, a broad mental 
grasp, a good sense of penq;>ective. He 
was able to visualize all moving bodies in 
the universe, from comets to falHng 
apples, and to reduce them to a few laws, 
which in turn he showed to be corollaries 
of a single causA — gravitation. 

How thoroughly this task was accom- 
plished is evidenc^ by the change in the 
mental attitude of sdentifle men rince 
Newton’s day. TRie “Principia” is 
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taken for granted; the picture of the 
nniyeree there set forth is part of oar 
common heritage, almost innate. New- 
ton saceeeded in endowing all scientific 
posterity with that vision and peiepec- 
tive which he alone possessed in his day. 
By the hands of Newton we have been 
lifted and placed upon a peak which he 
himself could not reach, from which, like 
Moses of old, we may look over the 
Promised Land, though it may be re- 
served for those who follow us to enter. 

Nearly two centuries later a similar 
crystallization and correlaticm of dis- 
jointed facts in the biological realm was 
brought about by Darwin with the pub- 
lication of the ''Origin of Species”; and 
the present state of physical science is 
again one of such bewilderment, such 
wealth of uncoordinated detail that the 
time is ripe for another such genius as 
Newton to make his appearance. Even 
Einstein does not go &r enough; and 
Planck, with his quantum theory, has 
up to the present succeeded only in mak- 
ing us feel worse before we feel better. 

To explain the universe! Is not this 
the characteristic and fundamental mo- 
tive of all students of nature f It is true 
that in attempting to do this there have 
been advanced some explanations that 
were fantastic, and many that were in- 
correct or incomplete. To Ptolemy suc- 
ceeded Copernicus, and to Copernicus, 
Tycho and Kepler, Newton and Einstein, 
and still the taA is unfinished. But 
however diverse the explanations offered, 
the driving force of all these students 
has been the same. The universe is a 
riddle, a challenge to the intellect; and 
the human mind will not tolerate such 
a challenge. The gauntlet is picked up 
and the fight is on. 

No motive is more widespread in 
humanity. In the presence of the greet 
realities of nature the first impulse of 
man, whether savage or civilized, naive 
or sophisticated, is to wonder; the sec- 
ond to guess at a cause. 


Though the task before him is colossal, 
mere size or complexity has no terrors 
for the student of nature. He is per- 
fectly aware that probably neither he 
nor his descendants to the third or 
fourth generation will complete the 
work. He has no assurance it will 
. ever be completed. Perhaps— who 

knows f — some great catastrophe, some 
celestial collision may extinguish all life 
on earth before the taric is half done. 
And even if the end be accomplished, 
what good will it dot Will the men of 
that day be any happier t Will death 
be swallowed up in victory t But all 
such objections, when addressed to the 
student of nature, fall on deaf ears. He 
hears only the continual challenge: 
"Explain me!” — and the taunt is 
enough to spur him to the utmost. Be- 
cause no motive could be more idealistic, 
no incmitive could ’ be more powerful. 
The human mind is proud and will tol- 
erate no defiance. 

It is said that at one time an astrono- 
mer discovered a new star, which be 
found to be approaching the earth with 
a great velocity. He calculated that it 
would strike the earth in a few montha 
He did not announce his discovery, fear- 
ing to witness the orgy of lawlesanes 
and despair into which it might plunge 
the world. Night after night he studied 
this approaching doom, fascinated by it. 
One night he spoke aloud and addressed 
the star as Mlows : 

I know that yon will aoon destroy me and all 
life on earth; 1^ I can oalenlate the day, nay, 
even the hour when thie will happen, while yon 
are but a blind, bmte thing, ud I wonld not 
change plaoea with yon! 

For this proud attitude there is indeed 
much justiflcation. The sueoesB of man 
in unzavelfing the phenomena of nature 
has been truly remarkable. As mystery 
after mystery shows itself to be more or 
less amenable to reason and consistent 
trith the laws of tiionidit we are enoonr- 
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aged to beliere that nature as a whole 
may not be beyond our eventual compre- 
henaion. The atudent of nature is ever 
optimistie. 

But against this optimism theire is a 
barrier set up by certain plulosophers. 
We must carefully distinguish, they tell 
us, with the tone and manner of a physi- 
cian applying a odd (Munpress to an in- 
flammation, betwemi explaining and 
merely describing. With the latter, they 
concede, we may go far, but ultimately 
explaining anything is a different mat- 
ter. No amount of description is equiva- 
lent to the simplest explanation. The 
difference is one of kind, not of degree. 
We may know much about the how and 
nothing whatever about the whf/. 

Herbert Spencer, more than half a 
century ago, laid down the dictum that 
the reality which underlies phenomena is 
utterly and forever unknowable to us. 
Many philosophers since his day have 
repeated and reiterated this doctrine. 
The ultimate aim of science, they tell us, 
is description, not explanation, and in 
support of this assertion they quote 
Newton himself (‘'Principia," Book 

ni): 

Hitherto we have explained the phenomena of 
the heaveoB and of oar eea by the power of 
Gravity, bat have not yet SHigned the eauoe of 
this power. . . . Bat hitherto I have not been 
able to discover the caase of those properties of 
gravity from phenomena, and I frame no 
hypotheses. 

But while Newton in his formal and 
official utterances conflned himself to 
the description of the how, his corre- 
spondence shows that privately he specu- 
lated freely on the why, as every scien- 
tific man dionld. There is extant a 
letter from Newton to Boyle, in which he 
lets his fancy free as to the why of 
gravity. Philosophers may smile at it, 
and call U but a 

fact remains that Newton set no limits 
to bis private thinking. If he chose to 
iqimeolate as to the why, he did so, how- 


ever abortive the result As Browning 
says, “A man’s reach should exceed his 
grasp.” 

Spencer's dictum of the Uidaiowable, 
as Norman Campbell says, is met by 
many scientific minds with a spirit of 
rebellion. It is admitted that in spite of 
our earnest efforts we have up to the 
present made no progress whatever in 
the explanation of the why, but it is not 
admitted that present failure demon- 
strates future imposribility. Nothing, in 
my opinion, would more effectually wet- 
blanket scientific progress than a general 
and cordial acceptance of tills doctrine. 
Personally, were I satisfied that the mind 
is incapable of reaching an ultimate ex- 
planation of nature, I would not spend 
another day in the blind alley of de- 
scriptive science, but would abandon it 
forthwith, and turn to something which 
might hold out some promise of satisfy- 
ing the soul. 

But is such an attitude reasonable, or 
is it purely sentimental t Perhaps there 
may be more reason in it than a super- 
ficial examination would lead us to sup- 
pose. Our concept of the mind to-day is 
quite different from that which was cur- 
rent sixty years ago. In Spencer’s day 
introspective paychology, or “mental 
philosophy,” as it was then called, had, 
as was thought, pretty well exploit the 
phenomena of consciousness, which were 
then regarded as constituting the whole 
territory of mind. The modem view is 
that OUT consciousness is but a secondary 
part of the mind, floating as it were on 
the surface of a great deep of uncon- 
scious cerebration, whence come all our 
ideas, as bubbles rise and burst at the 
surface of a liquid in which some fer- 
ment is at work. 'Who is there who has 
not had at least one experienee of the 
working of this mysterious power! Per- 
haps we have puxzled for days over a 
di^ult problem, only to lay it aside 
from pressure of other things; and lol 
when we are least expeoting it the kng- 
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sought solution wells up in the mind. 
Newton must have had> many eocperienoes 
of this kind. He was once asked by 
^diat mental process he arriTod at his 
disoo'veiries. His answer was that they 
were usually the result of “intending his 
mind” continually on the subject and 
waiting for it to unfold. And when the 
solution finally reveals itself the student 
of nature feels as though he were on the 
crest of some mighty wave, home along 
without conscious exertion, he hardly 
knows whither. So great are the unex- 
plored poasihilities of the mind as we 
recognise it to-day that it is no longer 
safe to set metes and bounds for it. 

We stand in a dark room, developing 
a photographic plate. For some seconds 
nothing appears ; then high lights begin 
to come up here and there, diowing as 
dark patches with no apparent logical 
conneotimi between them. As the de- 
velopment progresses correlations begin 
to appear among these patches, and 
eventually the plate diows one pattern 
of law and order over its entire surface. 

But the most wonderful part is yet to 
come, for the completed picture presents 
to the eye an appearance of perspective, 
of solidity. Your o priori philosopher 
might have argued that this would be an 
impossibility — ^that the picture contains 
but two dimensioos and can not possibly 
present the impression of three; but he 
is reckoning without his host He is not 
including the mind whidi reads this de- 
ment into the flat picture. 

In our study of nafure we have hardly 
begun the devdopmeut of the plate. 
Patches of eorrdat^ phenomena appear 
here and thore, but the gaps between 
them ore yet to be bridged over. And 
with complete development we shall have 
but the how, a loped description of the 
phenomena of nature and their interre- 
ktions. And then— -who knowat — ^per- 
haps this wonderful mind-power may 
re^ into the finished but flat picture the 
transcendentd element of the whg— 


uitiaate explanatioii of nature. Obvi- 
oudy this ean not be k>oked for until the 
devdopmeoit of the how is far advanced, 
perhaps folly completed ; but what mat- 
ter f The student of natme, as we have 
seen, is not aetnatod by selfldi motives, 
but by something far more powerful, 
^ of an Idealistic character. What though 
' we shdl never live to see the vio- 
toryt Like Simecm in the temple we 
may say: “Lord, now lettest thra thy 
servant depart in peace ... for mine 
eyes have seen thy salvation.” 

Yet even with this great god in mind, 
and a realiring sense of the colossd 
magnitude of the task, the student of 
natnre is sometimes discouraged' because 
progress seems so slow. A lifetime of 
patient effort yields often but a pitiable 
handful of results. Newton himself was 
not ixob from this feeling. He once com- 
pared himself to a child gathering peb- 
bles on the riiore of an infinite ocean. 

But a man is not dways the best judge 
of his own achievements. Time is re- 
quired to bring a true sense of vdue and 
perspeotive, and after two centuries 1 
think we may safely soy that in this 
respect Newton much underestimaitod 
his own case. He did far more than od- 
lect isolated facts; he correlated these 
facts and bequeathed to his snoeeasois a 
permanent eoonomy of thought. He 
smoothed' the road as fhr os he went that 
others might run where he slowly orept. 
He add of himsdf : “If I saw farther, 
’twaa because 1 stood on gUtnt duMil- 
ders.” Modesty perhaps forbade his 
stating the eordl^ which his keen 
mind could net help bnt see: that corol- 
lary the fuUUlmmit of whidi has brought 
us together two centuries later to do 
honor to his memory. 

We often build better .tiisn we know. 
There is a ddightfol story to this effieet 
in the ancieat myths of our Nbrdie raee^ 
which for its human interest end ita 
phiksopby is worthy of bshoig pbesd 
beside tiid other stoi^ wMoh has come 
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down to ns from the aaeient myths of 
<mr Semitic brotheze end' which tells of 
the first pair in a garden. And because 
I feel sore that the first tale is not as 
familiar to you as the seoond 1 am going 
to give mys^ the pleasure of telling you 
the story of “Thor’s Journey to JiStun- 
heim.’’ 

In the ancient city of Upsala, in the 
olden time, there was a temple to Odin, 
the chief of the gods. The Inwg of the 
giants, Utgarddoki, whose race was at 
eternal warfare with the gods, hated 
Odin and, wishing to insult him, de- 
stroyed the temple and extinguished its 
altar fires. 

When Odin heard the news he sum- 
moned a council of the gods to meet in 
Asgard, the home of the gods, and to 
this coxmcil there came among the 
others, Thor, one of the twelve sons of 
Odin. 

Thor was the god of thunder. His 
home was not in Asgard but in Thrud- 
vang, the storm-cloud. When he knit 
his Mws the lightning flashed from his 
eyes; when he spoke it was as the roll 
of thunder in the heavens. In his hand 
he earned his magic hammer, MjSInir, 
the eruidier; about his waist he wore a 
belt of the kind possessed only by the 
gods, which when tightly drawn con- 
ferr^ strength upon the wearer. 

At the oouncil of the gods Tbor’s voice 
was raised for immediate warfare 
against the giants, but in this he was not 
supported by others, and the council 
broke up without anything definite hav- 
ing been decided upon. Thor, angered 
by the indeoimon of the eonudl, decided 
to take matters into his own hwds and 
to go to JStunheim, the land of the 
giants, seek out the 'giant king, Utgarde- 
loki, and punish him for the insult to 
his father Odin. He made no public 
anisonnoement of his purpose, but left 
Asgard secretly. Over the rainbow 
bridge he went, from Asgard, the heme 
of the gods, to Hidgard,. the abode of 


men, where he wandered for several days 
seeking the road to Utgard, the abode of 
giants. Finally, one day as evening 
came on he found himself lost in a for- 
est. However, he happened to spy a 
coriously shaped house, without windows 
and with but one door which took up 
the whole of one side of the house. The 
house being empty, he spent the night in 
its shelter. 

The next morning Thor felt the 
ground shake as from the tread of some 
great creature, and suddenly through the 
morning mists he saw loom up the figure 
of a huge giant. Thor grasped his ham- 
mer, but on second thought laid it down 
again, thinking that the giant might 
direct him to Jhtunheim. The giant, not 
noticing Thor for the moment, said 
“Ah, here is my mitten 1“ and stooping 
he picked np the house in which 'Thor 
had spent the night. As he did so he 
noticed Thor and called him by name, 
saying, “I know yon, Thor, by your belt 
and by the hammer which you carry; 
but what are you doing heret” 

Thor replied that he was seeking the 
road to Jotunheim, as he had a mind to 
pay a visit to the giant king, Utgarde- 
lold. 

“In that ease,” said the giant, “we 
are well met. 1 serve UtgardelcAi in 
giant-land and 1 am now returning 
thither. If it pleases you, we may jour- 
ney together. My name is Skrymir.” 

Thor was glad to agree to this, and the 
giant oontinued: 

“Sinee we are to travd together, we 
may as well put all our provisions in this 
wallet of mine, and since I am the big^ 
ger and the stronger of the two, you will 
permit me to carry the load.” 

The giant thmi threw the wallet over 
his ehoolder and the two started on their 
joum^. The ^ant at first attempted 
to disBoade Thor from his purpose, say- 
ii%: 

“You thiiA I am big, bat you will 
find others in JStunheim bigger l. 
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1 know of the ancient enmity between 
your race and mine, and I fear trouble 
if yon carry out your purpose of making 
a visit to our kiiig. A very small hap- 
pening may cause the old feeing to flare 
up. No good can come of your visit, and 
1 hope you will abandon your purpose. ” 

But Thor was not to be dissuaded, and 
the giant soon gave over his attempt. 

They journeyed all that day without 
getting out of ^e forest, and when night 
Ml the giant, declaring that he was too 
tired to eat and wanted only to sleep, 
threw the wallet to Thor, saying that he 
had better get his sapper and a good 
night’s rest, as there was a hard journey 
before them on the morrow. So saying, 
he stretched himself on the ground 
under a tree, and was soon fast asleep, 
snoring loudly. 

Thor thought the giant’s advice good, 
and attempted to open the wallet, but to 
his surprise found that he could not 
loosen ^e strings. He drew in his belt 
and attempted to break them, but failed 
in this also. Then anger filled his heart, 
and taking his hammer in his hand he 
went to where the giant lay sleeping 
and launched the hammer full in Skry- 
mir’s face. 

The giant stirred, half awoke, passed 
his hand over his face, and fell asleep 
again. Thor, chagrined by his failure, 
withdrew ; but he could not sleep. Hun- 
ger kept his anger alive, and toward 
midnight he drew in his belt, and going 
again to the giant threw the hammer 
with such force that the head penetrated 
the giant’s ^IL 

Skrymir stirred, opened his ^es, 
passed his hand over his head, and said : 
“Did a leaf fall from the treet Ah, 
Thor, you are up late! You should get 
some rest before our long journey to- 
morrow.’’ And he fell asleep again. 

Thor, more chagrined than before, 
again withdrew ; but he eould not deep, 
and when the first flush of dawn was in 
the sky he went again to the giant, drew 


in his belt to the last hole, and threw the 
hammer with such force that it sank, 
head, handle and all, into the giant’s 
brain. 

The giant woke, sat up, jmssed his 
hand across his forehead and said : 

“I am sure an aeom must have fallen 
on.me to wake me up like this! But it 
is no matter ; it is day, and we will make 
an early start. Come, let ns go!’’ And 
he started off at a great pace. 

Thor, angered and disgusted, followed 
him. In a few hours they reached the 
end of the forest, and the giant said to 
Thor: 

“You are now in giant-land. The 
road to Utgard Castle lies that way ; my 
path lies in the opposite direction, across 
those mountains. But once again let me 
persuade you not to make this journey 
you have in mind. Nothing but harm 
can come of it.’’ 

But Thor shook his head, and started 
off along the road indicated by the giant, 
while the latter, taking great strides in 
the opposite direction, was soon lost to 
sight. 

Thor found it a three days’ journey 
to Castle Utgard. The castle stood in 
the midst of a great plain, surrounded 
by ice and snow. The castle was so high 
that Thor had to bend his head all the 
way back to see its top. Its great gates 
were guarded by two giants, bearing 
sword, spear ^ud shield. The doora not 
being opened promptly enough to suit 
Thor, he threw his htonmer against them. 
The lock shattned, and the doors swung 
inward. 

Thor entered a great gloomy haU, witii 
rows of giants ranged around its walla. 
At the farther end of the hall sat the 
pant king, Utgarddoki, on a high 
throne. Thor advanced toward him. 

The giant king reeogniaed Thor, and 
spoke first, saying: 

“I know you, Thor, by your hammer 
and by the belt yon wear. It is long 
mnoe one of yonr raee has paM w the 
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honor of a visit We are appreciative 
of the h(mor yon show us by coming 
here, and we will do oar best to enter- 
tain you. We will show yon feats of 
strength, and we hope that you will give 
us some evidence of that prowess with 
which rumor credits you.” 

Thor was not averse to this, but said 
that he was thirsty after his long jour- 
ney. 

“Ah,” said the giant king. “Are 
you a good performer at the mead 
homt” 

“Yes,” said Thor, proudly. “I have 
never seen a horn of mead so deep that 
I could not empty it at a single 
draught.” 

The giant spoke to his attendants. Who 
presently brought into the hall a drink- 
ing horn so long that its little end re- 
mained outside the door. Thor looked 
at ita size with some misgivings, but 
being very thirsty, he put his lips to it 
and took a deep draught. But when he 
had finished he found to his disgust that 
the level of the liquid was not appreci- 
ably altered. 

The giants looked amused, and Thor, 
somewhat nettled, took a deep breath 
and applying his lips again to the drink- 
ing horn drank until the veins stood out 
on his forehead; but when he bad fin- 
ished he found that the liquid had been 
lowered just enough so that the horn 
might be carried without spilling. 

UtgardehAi laughed, and the other 
giants echoed his merriment. Then the 
giant king said : 

“Now that you have quenched your 
thirst, we have a game here for children. 
It is to Uft my eat from the floor. I 
would not have mentioned it had I not 
found you so unexpectedly weak.” 

There came into the hall a strange 
looking cat, with scales instead of fur, 
and with qyes that shone fire. Thor 
plaeed one hand under the animal and 
attempted to lift it, but the eat only 
orehed its baek more and more, until 


when Thor hod reached as hi^ as he 
could he had succeeded in lifting but one 
foot from the floor. Disgusted and 
angry with himself, he gave over the 
attempt 

The giant king laughed long and 
loudly, and the other giants joined in his 
laughter. Fierce anger seized Thor’s 
heart, and he clenched his fists until the 
knnckles grew white, and, idiaking his 
hammer at Utgardeloki, dared him to 
single combat But the giant king said : 

“All that has been has been in sport. 
1 see no reason for anger. Still, if you 
insist, I will have my old nnrse, Elle, 
wrestle a fall with yon.” 

A toothless old woman came into the 
hall and springing at Thor seized him 
around the waist. The god straggled 
mightily, and withstood her long, bnt 
eventually he was forced down on one 
knee. At this Utgardeloki stopped the 
sports, saying that it was now time for 
the feast. But Thor was too chagrined 
and disgusted to eat or drink much, and 
all thoughts of warfare had gone from 
his mind. 

In the morning the giant Ung accom- 
panied Thor outside of the castle to diow 
him the road back to Asgard, and when 
the gates were diut after them he said : 

“Now that you are out of my domain, 
and shall never enter it again, if I can 
help it, I will open your eyes. All that 
you have seen has been enchantment, as 
it were a strange dream. I am l%ryinir, 
who met yon in the forest When I 
learned your errand my heart sank 
within me, for I knew of your prowem 
and of the enmity between' yonr race and 
mine; and I endeavored to dissuade yon 
from carrying ont yonr purpose of com- 
ing hither. Failing in this, I had re- 
course to enchantment By magic I tied 
the strings of the wallet; when you 
struck ait me with your hammer I placed 
a mountain between ua Three deep 
glens have been made in it by the might 
of your arm. The drinking bom had ita 
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little end in the oeean. On yoor way 
home, when yon oome to that am of the 
flea aeroflfl whi(^ yon were forced to swim 
on yonr way hither, yon will find it eo 
lowered that yon can wade across it knee 
deep. My cat was no eat, bat the great 
world-serpent that lies coiled round the 
earth, holding the world together. When 
yon put forth all your strength to lift 
him and, as you thought, failed, we saw 
that the serpent had great difficulty in 
holding on to his tail, and we feared lest 
he should be fwoed to let go. When you, 
as you thought, lifted but one foot from 
the floor, we felt the foundations of the 
universe tremble. Elle was old age, 
before whom aU, even the gods^ must 
bow. But come not again, Thor, for I 
fear yon ; and I have other enchantments 
that you know naught of, and long will 
I be able to withstand you. ’ ’ 

At these words anger filled Thor’s 
heart, and he threw his hammer at the 
speaker; but Utgardeloki and his castle 


had vanished, and there was naught to 
be seen but an empty plain.* 

Waking timel Waking timel Lo, a man is 
born! 

Born in Nature’s wonderland, in lifo’a fresh 
mom. 

Nature’s mjriad wonder^ beckoning, seem to 

^'Gome, live with us and learn of ua, in life’s 
long day.’' 

Woiking timel Working timel life’s high 
noonl 

Waste no precious moment now, for night comes 
Boonl 

Much to learn, much to do, aU that man can 
ask. 

Summon every energy to life’s great task. 

Besting time — deeping timel Lay the task 
away; 

Thou hast earned a peaceful dose of life’s long 
day. 

All thou hast accomplished, little may it seem; 
May’st thou see it clearly after life’s stanange 
dreami 

s The story of Thor and the giants is found 
in several places. The source to which the 
writer is chiefly indebted is the issue of 8i. 
Nicholaa for October, 1880. 



SCIENCE IN JAPAN 

By Dr. HERBERT E. GREGORY 

BXBHOP KU8EDU, BOMOLULU 


The Science Congrees held at Tokyo 
from October 30 to November 11, 1926, 
under the auspices of the National Re- 
search Council, gave to “overseas” dele- 
gates a favorable opportunity for the 
study of the scope, organization and 
personnel of Japanese science. Most 
delegates were pleasantly surprised at 
the nation-wide enthusiasm for scientific 
investigation and especially at the re- 
markable progress made during recent 
years. As recorded in ' ‘ Scientific Japan 
Past and Present,” the entire history of 
organized scientific research in Japan 
covers little more than a half century — 
a striking contrast to history of scientific 
study in other Pacific countries. In the 
United States before 1875 more than 
two hundred learned societies, national 
and state surveys and laboratories had 
begun publication of transactions. Sev- 
eral American societies have celebrated 
their hundredth anniversary and two 
their hundred and fiftieth anniversary. 
In Mexico the National Museum was 
founded in 1825 and the Geographical 
Society in 1833. The learned societies 
in Colombia, Peru, Bolivia and Chile are 
even older. In New Zealand eight 
learned societies were holding meetings 
before 1870— including the Dominion 
Museum (1863) and New Zealand In- 
stitute (1867). In Australia the Royal 
Sodety was established in 1821, the 
Australian Museum in 1836, and before 
I860 the Commonwealth had a rather 
full eomplement of universitieB, mu- 
seums, surveys, observatories, botanical 
gardens and scientifle societies. In Java 
seientific sodeties were holding meetings 
before the dose of the dghteenth cen- 
tury, and systamatk investigations of 


the Padfic Ocean took a prominent place 
in the programs of Russian sdentiflc 
societies during the early part of the 
nineteenth century. 

For Japan, the history of organized 
sdentiflc research begins in 1871, in 
which year the Hydrographic Bureau 
was organized. This was followed in 

1874 by the establishment of the Impe- 
rial Hygienic Laboratory at Tdkyo and 
in 1875 by the Imperial Hygienic Lab- 
oratory at Osaka and the Central 
Meteorological Observatory. These four 
institutions constituted the governmental 
scientific equipment in 1875. Up to this 
time there are no national, prefectural 
or municipal scientifle societies and no 
private scientific institutions of record. 
During the fifteen-year period — ^from 

1875 to 1890— three government bureaus 
— ^land surveys, forestry experiment 
station and geological survey — ^were 
established, and sixteen scientific sode- 
ties came into bdng ; four medical, three 
engineering, one each for zoology, chem- 
istry, mathematics, geography, meteorol- 
ogy, botany, anthropology, textile re- 
search, architecture and agriculture. 
For the decade from 1890 to 1900, six 
government bureaus (national and pre- 
feotural) and eleven scientific societies 
were formed ; from 1900 to 1910, fifteen 
government bureaus and seventeen soois- 
ties; dnoe 1920, dxteen govenuneht 
bureaus, twenty-six Bodeties. Thus, of 
tiie dghty official sdentiflc bureaus sup- 
ported by the Imperial Govenunent, pre- 
feetures and dties, fifty-four (about 67 
per eent.) have be^ established during 
the past dxteen yean. Of the ninety- 
three unofficial learned sodedee and 
institutions more titan half have held 

•07 
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their first meetings since 1910 and more 
than one fourth during the past six 
years. 

That this remarkable growth of insti- 
tutions and professional societies repre- 
sents a genuine increase in numbers of 
scientific workers and in specialization 
of interests is shown by the membership 
lists and the volume of publications. 
The enrollment in the more prominent 
professional societies in round niunbers 
is: physics (three societies), 2,700; 
chemistry (three societies), 6,000; geog- 
raphy (three societies), 1,000; geology, 
553 ; botany (two societies), 700; zoology 
(five societies), 1,200; forestry (two 
societies), 3,300; meteorology, 374; engi- 
neering (eleven societies), 18,000; medi- 
cine (thirty-five societies), 50,000. 

A supeiiOcial comparison of lists of 
similar societies in other countries, tak- 
ing into consideration population and 
stage of development of national re- 
sources, shows that in geography, geol- 
ogy, meteorology, ceramic chemistry, 
forestry, fisheries and systemic botany, 
the number of profesmouala is greater 
in Japan than that of most countries. 
In physics, chemistry and astronomy the 
numbers correspond to those of France, 
Austria and Italy, and stand below those 
for England, Gkrmany and the United 
Statea For botany o&er than systemic, 
the figures are approximately those of 
Holland, Scandinavia and Australia, and 
below those of the United States, En- 
gland, Germany, Austria and France. 
For zoology the comparison is even less 
favorable and for anthropology the fig- 
ures are about those for ^Igiurn or New 
Zealand. There is no easily available 
method of comparison of numbers of 
research scientists in the membership of 
medical and engineering societies. The 
numbers in Japan compare favorably 
with those of most countries, except Ger- 
many and the United Statea, but doulM- 
lesB in Japan, as certainly in the United 
States, most members of these profesh 


none are praotitionerB whose contribu- 
tions to knowledge are inddmital. 

The history of Japanese higher educa- 
tion parallels that of scientific organiza- 
tions. Systematic training of young men 
for professional and technical careers 
has been organized mainly during the 
past half century. This late develop- 
ment is surpriain^y unlike that of other 
countries immediately bordering the 
Pacific. The Universities of Mexico, 
Lima and Cuzco were founded in the six- 
teenth century, San Tomas (Philip- 
pines) in 1611, and Santiago (Chile) in 
1743. The charter of the University of 
Sydney is dated 1850, Melbourne 1853, 
New Zealand 1870. In the United States 
before 1875, 354 colleges and universities 
were teaching some kind of science and 
many of them were recognized centers of 
research. In Japan, previous to 1875, 
Keio, with its small medical school, and 
Dashisha University, without scientific 
departments, both establi^ed chiefly as 
missionary enterprises, were the only 
institutions listed as of collegiate grade. 

In 1877 the Imperial University of 
Tokyo was founded for the training of 
men who desired to prepare themselves 
for professional and technical service. 
Its primary purpose was to bring to- 
gether, enlarge and furnish more favor- 
able opportunities for the scattered 
groups of writers, experimenters and 
observers who had been encouraged by 
the Tokugawa Shogunate to pursue 
scholarly careers. The university was 
given its present form — ^part American, 
part European, part Japanese — in 1886. 
The place the univeraty was intended to 
take in the educational aystem is shown 
by the original list of departments: law, 
medicine, migineering, literature, sdenee. 
Agriculture was included in 1890, eco- 
nomics not until 1919. At the present 
time the largest professional faculty is 
enpneering, followed in turn by agricul- 
ture, science, literature, mediciDe, lasr 
and economies. Hie students number 
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about 5,000. The universitf maintaiuB 
nine aerial publicationa and seven re- 
seareh institutes outside the university 
oampua 

Of the other Imperial universities 
Kyoto was founded in 1897, Tah(Au in 
1907 and Kyushu in 1910. Hokkaido, 
organized as an agricultural college in 
1876 under the guidance of a group of 
men, was created a university in 1918. 
Fourteen medical and technical colleges 
apart from the universities were estab- 
lished between 1919 and 1926. 

As bearing on the effect of Japanese 
university education on the development 
of science, it is worthy of note that the 
average age of students entering the 
science courses is 22.2, in the agriculture 
courses 23.2. Another feature of inter- 
est is that about 30 per cent, of the grad- 
uates are in teaching and scientific pur- 
suits and but 20 per cent, in all lines of 
business, finance and commerce. 

The history of civilization shows that 
science is a slow-growing plant in any 
soil and it is difficult to tliink its growth 
in Japan has been witnessed by men now 
living. Japanese scientific research and 
education give an impression of age. It 
seems highly improbable that the rapid 
recent increase in numbers of institu- 
tions, societies and workers represents an 
entirely new intmest in the possesnon 
and utilization of scientific teowledge 
and a study of records and publications 
reveals a vista of scientific activity ex- 
tending far into the poorly recorded 
past. Some branches of scientific knowl- 
edge were widespread and familiar to all 
dasses long before contact with the out- 
side world brought new methods and new 
ideas; other branches were part of the 
knowledge of scholarly men only; still 
others seem to have been outside the 
experience of the Japanese peopla 

Botany in Japan has enlisted the in- 
terest of many able minds once the 
eighth century. Up to the seventeen^ 
oentury attention was -given almost 


wholly to the search for, testing and 
methods of use of plants for m^icine 
and for food. From the seventeenth 
century to the Restoration (1868) an 
amazing amount of descriptive work was 
done — the differences and relationshiiM 
of plants as based on structure, type of 
flower, kind of fruit and habits of growth 
were worked out 

Between the years 285, when the first 
Korean professional student of medicinal 
plants was united to the Imperial Japa- 
nese Court, and 900, the knowledge of 
plants possessed by the Chinese seems to 
have been fairly well absorbed. In 929 
this information was embodied in a 
twenty-volume text-book, prepared by 
Shitago. In 1156 three books — drug 
plants, perfumery plants and cereals — 
were written by Seiken. In the middle 
of the sixteenth oentury some knowledge 
of foreign medicinal plants was obtained 
from Portuguese and Spanish visitors 
and then the door was closed and the 
Japanese continued without outside help 
to gain a knowledge of their flora. In 
1696 Jyaksui publiriied a treatise de- 
scriptive of 189 food plants and started 
on the remarkable one thousand-volume 
encyclopedia of natural products of 
Japan. After writing 362 volumes the 
author died, but his pupils continued the 
work and in 1735 the 1^ of the remain- 
ing 638 volumes were issued. Before his 
death in 1714 Kaibara Ekiken had vrrit- 
ten a treatise on the natural history of 
Japan, in which 358 plants are described 
as indigenous and twenty-nine as im- 
ported. Banzan’s work on mountain 
flora of Japan — herbs, two volumes; 
trees, four volumes — ^was written in 
1765 (translated into French 1873). 
Ino Jyaksni publidied monographs on 
orchid^ fungi, bamboos and cherries. 
Bausui, who died in 1776, publiahed an 
eighteen-volume woric on the botany of 
Loo Choo Islands. Between 1720 and 
1752 a natural history survey under the 
dixeetion of four distinguiriied botanists 
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WM candueted by the govenuneat and 
local oenten of stady vren established by 
imperial decree. In 1782 a natural 
prodnets burean was establi^ed at 
Elagodiima. Among many works pnb- 
liidied during the twenty years following 
is an illustrated agricultural botany in 
twenty volumes. Similar bureaus were 
established at other places. Frmn the 
one at Mito oame the San Kai Sho Hin 
(products of mountains and seas) in one 
hundred volumes. As an aid in exchang- 
ing information the workers at these 
bureaus held annual exhibitions, begin- 
ning in 1757 and oontinuing without in- 
terruption until 1827. In a modified 
form these exhibits continue to the pres- 
ent day. The Tc^gawa Shogunate, 
which did little for learning in general, 
liberally supported botanical studies, 
and the present Blarquis Tokugawa, 
himself a ^dent of botwy, established 
and endowed in 1898 the Tokugawa In- 
stitute for fundamental research in plant 
science. Though expressed in different 
terms, the Japanese long ago recorded 
relations in the plant kingdom which 
modem seientists express by the terms 
Order, Family, Qenus, Species. So ihat 
when the Dut^ botanist Thunberg vis- 
ited Japan in 1776 and called attention 
to the effective simplicity of the Lin- 
nean system of nomenclature, all the 
Japanese students of plants had to do 
was to change their cumbersome descrip- 
tive phrases into the shorter and more 
precise Latin terms. At the time when 
modem American and European meth- 
ods of botanical research were eagerly 
adopted by the Japanese, the systematic 
botany of Japan was probably as well 
known as that of any otW region. With 
this much already accomplished, the 
ground was prepared for investigation in 
cytology, pathology, micro-anatomy, 
phymology and genetics of plants. The 
background of widespread knowledge 
and interest in plan^ added to the 
voluminous descriptive records,, doubt- 


less aooonnts in large part tat the pres- 
ent hi^ rank of botany in Japan. 

HORTICDl;rURB 

For more than a thousand years the 
Japanese have been not only students of 
plants but also lovers of planta Their 
remarkable achievements in floriculture, 
horticulture and forestry are too well 
known to justify extended comment. 

In 1681 Moto Katsn described the cul- 
ture methods of 117 herbaceous flower- 
ing plants and in 1795 printed a twenty- 
volume work on camellias, azaleas and 
chrysanthemums which remains a stand- 
ard treatise. In 1698 to 1699 Kaibara 
described culture methods for 190 spe- 
cies of flowering plants and illustrated 
110 species of flowers. Other important 
works appeared in 1718, 1715, 1717, 
1735. A five-volume work on rhodo- 
dendron appeared in 1738. No lees than 
fifty descriptive illustrated books on the 
morning-glory and thirty on Ardesia 
appeared between 1795 and 1818. 

Systematic study of food plants is 
represented 1^ hundreds of volumes 
bearing dates previous to 1800, and the 
study has been vigorously prosecuted 
dovm to the present time. Three pur- 
poses seem to underlie these investiga- 
tions of food plants; introduction of new 
species, improvement in cultivation of 
Imown species and full knowledge of 
edible wild planis which might be used 
in time of crop failure and scarcity. 
Many of the treatises are in three to ten 
volumes. Tsunemasa's great work on 
the flora of Japan (1828) is in ninety- 
three volumes and Yakusa's masterpieee 
on useful plants (1856) treats of l^SOl 
species, b^des six hundred species of 
trees stiU in manuscript. 

Comparison of Japanese plants with 
those of otiier regions dates largely from 
1776, the date of the visit of the Dntdi 
botanist, Thunberg. By 1656 the plants 
of Japan had been listed on the Lhuwan 
system and equivalent Bun^tean slid 
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Aaistio ipeeieB had been recogniaed. In 
1667 a bumu for the atndy of non- 
Japaneee plaata was establish^ at Yedo 
and in 1877 Biokichi, who had studied in 
America at Cornell, became professor of 
botany in the Tokyo Imperial University. 
His students include most of the Japsr 
nese botanists of the present century. 

Forestry, like other branches of plant 
science, has been practiced in Japan un- 
ofiScially for many centuries. The neces- 
sity of replanting, methods of replanting 
and the relation of forests to agriculture 
are the subjects of many books and of 
chapters in treatises on botany. In a 
publication dating from 1732, forests are 
given equal rank with cultivated crops 
and fish as natural resources to be stud- 
ied and regulated. 

Medicime 

When the present enviable position of 
Japan in medical research is considered 
it is interesting to note that definite 
knowledge of the make-up and functions 
of the human body first came to the 
Japanese in 1771. Before that time 
theoretic medicine followed the Chinese 
system of “essences," “influences,” 
‘ ‘ external causes ’ 'and ' * internal causes, ’ ’ 
supplemented by a comprehensive knowl- 
edge of healing herba Two important 
features of this early period were the 
teaching of Nagata about 1200 A. D. 
that “the secret of curing lay in helping 
natural agencies in their work of heal- 
ing" and the introduction of crude 
Portuguese surgery (1668), which grew 
into a school called “Surgery of South- 
ern Foreigneia." As at other stages in 
medical practice, the physicians sepa- 
rated into warring , schools, “Gassioal 
Medicine" and “New Medicine." 

Early in 1771 Sugita happened to see 
an illustrated Dutch anatomical work 
and Mayeno saw another in a diip cap- 
tain’s ^rary. Neither of these men 
could read Dutch, but they saw the 
illustration of the internal organs of the 


human body and were surprised to find 
that these organs were entir^ diflerent 
from those described by Chinese physi- 
cians. At first thought the discrepancy 
seemed natural, for externdly foreigners 
were different: they have white skins 
and red hair; they ait on diairs because 
their knees don’t bend; they use artifi- 
cial heels because they have no heels of 
their own. But these explanations did 
not satisfy. The two students wanted to 
see for themselves the inside of a Japa- 
nese. But dissection was not only pro- 
hibited by law but was regarded with 
horror. Fortunately for Japanese medi- 
cine, the body of an executed criminal 
was made available by surreptitious 
means. Dissection showed that Japa- 
nese bodies and Dutch bodies were con- 
structed alike. The date of this astound- 
ing discovery, March 4, 1771, is one of 
the most memorable in the history of 
Japan. The value of western knowledge 
was establi^ed and the Dutch became 
the scientific leaders. In 1784 Toyo dis- 
sected more criminals and wrote the first 
Japanese book on anatomy, “Becords of 
Viscera." European physiology was 
introduced in 1836 and from that time 
on medical literature in all languages 
was imparted and physicians from Hol- 
land, France, Germany and England 
were invited to make <^cial visitB and 
to teach. 

Mathematics 

Mathematics of early Japan was the 
mathematics of the C^ese. The Chi- 
nese numeral system, the calendar, the 
multiplication table and calculating 
machines, and what stood for algebra 
and geometry were Chinese affairs which 
reached their highest stage of develop- 
ment in the eighth century. In Japan it 
was coiuddered as a game to be played 
by a few unpractical priests and recluses. 
Japanese mathematics rose in the seven- 
teenth century as an adjunct to land 
surveying. From it grew an indepen- 
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miscellaneous collections similar to those 
used to illustrate lectures in the smaller 
American colleges. 

Japanese science is fortunate in never 
having to meet the opposition of a re- 
ligious system. Tlie pni vailing religions 
encourage the search of knowledge in 
any fom, in any direction, to any ex- 
tent, and Confucius taught that the pur- 
suit of knowledge is the liighest expres- 
sion of human endeavor. I have gained 
tJie impression tliat Christianity would 
stand higher in the estimation of many 
educated Japanese if its record for 
stifling scientific research could be w'ipcd 
out. 

Japanese science, like lliat among 
other progressiAT people of m<xlcm 


times, is partly the result of original 
thinking but largely the result of devel- 
oping and adapting knowledge obtained 
elseviffhere. In some branches of science 
there appears a tendency to accept the 
leadership of foreign teachers ‘without 
critical investigation, thus repeating the 
experience of America with reference to 
German science during the last quarter 
of tlie nineteenth century. Japanese 
science is ** borrowed’* in the sense that 
American science wavS ‘^borrowed” from 
Northern Europe and that in turn from 
Greece and Arabia. 

The guiding principle is that ex- 
pressed by the far-sighted Emperor 
Meiji: ‘'Knowledge shall be sought for 
far and wide.” 
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Dreams do come true, sometimes ; and 
one of the most recent dreams of the 
New York State Museum was realized 
when on February 12, 1923, there was 
formally opened to the public the restora- 
tion (see Fig. 1) of the extensive forests 
that flourished in eastern New York a 
few hundred million years ago during 
Upper Devonian (Ithaca) times. The 
history of the discovery of these trees 
and the gradual accumulation of ma- 
terial which led to the final solution of 
their nature is almost as interesting as 
the ancient trees themselves. 

l'. History op Discoveries 
Back in ’69, over half a century ago, 
the little village of Gilboa in the Cats- 
kills (Schoharie County) came suddenly 
into prominence from a paleobotanical 
point of view. In the autumn of that 
year the upper valley of the Schoharie 
Creek was swept by a great freshet 
which tore out bridges, culverts and 
roadbeds around the little village of Gil- 
boa. But science, at least, has much for 
which to be grateful, for at the same 
time that all this disaster was caused the 
freshet very obligingly exposed in the 
bod rock along the creek standing stamps 
of fossil trees, all at the same level, The 
discovery of these trees was described in 
the Albany Argus of January 30. 1870, 
and in the twenty-fourth Museum Her 
port (1872, for 1870)'; and it was conr 
sidered of so much importance that it 
was brought by Professor Hall to the 
attention of the British Association for 
the Advaaoeinent of Science in 1872. 
Exeavations W(»re made during the year 
1870 in the bed of sandstone containing 
these trees and fi^e stumps &nd a num- 


ber of fragments were taken out of this 
ancient forest. The greater part of this 
material was brought to the State Mu- 
seum, where it has for some time consti- 
tuted a remarkable exhibit of the ancient, 
extinct flora of the state. 

The Gilboa collections were submitted 
for examination to Sir William Dawson, 
of Montreal, then principal of McGill 
College, and in his day an authority on 
the plants of the Devonian. Dawson 
placed these trees in a genus of true 
ferns, represented by trees, and distin- 
guished two species, Psaronius textilis 
and P. eriamts. The genus has in these 
later years been thoroughly studied ; and 
it has been found that the structure is 
quite different from that of the Gilboa 
trees. Moreover, Psaronius belongs to 
the Carboniferous, the period of our coal 
trees, and is much more recent by mil- 
lions of years than these Upper Devon- 
ian trees. The problem of the nature 
and relationship of our Gilboa trees was 
still left to science, and seemed incapable 
of solution until the summer of 1920. 

It had always been assumed that our 
Devonian trees had a scattered distribu- 
tion — no one dreamed of a vast and ex- 
tensive forest. The old locality had long 
since been covered up and the rocks at 
the level in which the trees were discov- 
ered did not outcrop again in this area. 
Nothing more was h^ard of these fossil 
stumps until in 1897, when Professor C. 
S. Prosser, then connected with the New 
York State Survey, reported finding 
some small specimens, from a higher 
horizon, lying loose at Manorkill Falls 
about a mile above Gilboa, Occasional 
attempts since , then to relocate ‘ this 
primeval forest of the Devonian period 
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FIG. 2. KESTOEATION OF THE DEVONIAN SEED-FERN T»BE 

SHOWntO THE BULBOUS BABE, THE OBADUAIJ,T TAl^IMO TItUNK AND THE CROWK OF LABOE FRONDS 
BEARING AT THE TIP, IN SOME GASES, THE SEEDS AND SPORE-BBABING OBGAN8. BESTOSATION BY 
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fruitless until the summer of 1920, 
when special effort was made to add to 
the collection of Devonian plant material 
already in the hands of the museum. In 
this year the efforts to relocate the Scho- 
harie forest or to And some additional 
evidence as to its extent led to the dis- 
covery of upright tree stumps not in the 
original locality but 6,400 feet south, at 
the higher level along the road in the 
vicinity of the lower falls of the Manor- 
kill, tributary to the Schoharie Creek 
(see Fig. 6). Five specimens were taken 
from this site. These trees, as was the 
case with those first discovered, were 
found wdth their bases resting in a bed 
of shale, black or greenish-hla^sk in color, 
and representing the original mud in 
which the trees grew. This tree local- 
ity, which constitutes the highest horizon 
in which these stumps liave been found, 
has an elevation of 1,120 feet alx)ve tide, 
and when the Oilboa reservoir is filled 
the flow line will be some feet above this 
spot. The old locality, on the same side 
of the Schoharie just above the old Gil- 
boa bridge, had an elevation of 1,020 
feet A. T., giving a difference of just 
one hundred feet between these two tree 
horizons. Since 1920 the city of New 
York has been doing construction work 
at Gilboa, preparatory to impounding 
the waters of the Schoharie Creek for 
the future use of its citizens. The re- 
sultant reservoir will extend over a 
length of nearly seven miles and will 
drown the village of Gilboa and its vicin- 
ity, including the two above-mentioned 
fossil tree localities. In 1921, in the 
course of quarrying in connection with 
the work on the dam, the old locality, 
which is directly at the spot where the 
dam was being built* was uncovered and 
seven stumps were found, some of them 
too badly broken to permit removal 
One specimen taken weighs nearly a ton 
and has a circumference of nearly twelve 
feet (diameter about four feet). In a 
quarry about half a mile (2,300 feet) 


down stream from the old locality, trees 
were found at a level of 960 feet above 
tide, 60 feet below the oldest or middle 
locality, 160 feet below the highest level 
where trees were found. This quarry, 
known as “Riverside Quarry’' (see Figs. 
4, 5), has yielded the greatest number 
and also, on the whole, the largest stumps 
found. During one period, eighteen 
specimens were taken from an area fifty 
feet square, not counting those destroyed 
in quarrying. One of the largest speci- 
mens of this group has a circumference 
at the base of approximately eleven feet 
(diameter approximately 3.5 feet), a 
height of twenty-two inches and a diam- 
eter at that height of twenty-one and a 
half inches; stumps of greater height, 
but of smaller girth, have been obtained. 
At all the three tree horizons the stumps 
W'Cre found with their bases resting in 
and upon shale and in every case in an 
upright position with the trunk extend- 
ing into the coarse sandstone above. The 
shale beds representing the muds in 
which the trees stood vary in thiclojess 
from six inches to two feet, more often 
thin than thick. 

By the spring of 1924 with the ad^li- 
tions to our collection, which we owe to 
the courtesy of the commissioners of the 
New York Board of Water Supply and 
the various engineers connected with the 
work, we had in our museum a total of 
nearly forty stumps, partial or complete, 
and a number of broken pieces. We 
have not added to our number of fossil 
trees since then ; but they have been dis- 
tributed among varioiis museums and 
some even have gone into private hands. 
Taking into consideration with all these, 
those still at the quarry, the weathered 
stfimps discarded, and those destroyed in 
quarrying, the number of stumps taken 
from these primeval forests must run 
into the hundreds, and oontinued quarry- 
ing wiU bring more to light, “Riverside 
Quarry “ is not included in the area-cov- 
ered by the OUbioa reiservoir, but its 
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FIG. 3. THE LOWEST FA.LLS OF THE MANOBKILL, GILBOA, N. Y. 

The horizon where the seeds and spore-bearing organs were found is at the level marked 

WITH A CROSS ; THE AREA WORKED EXTENDED SOME DISTANCE TO THE RIGHT, 


value as a fossil tree locality will be 
greatly lessened with the cessation of 
quarrying operations. Now that the rock 
layers containing the stumps hav^ been 
located, it is quite possible that they can 
be traced around the hills and found 
outcropping elsewhere. In the area 
known, the tree localities have been 
found stretching over a distance of 
something more than a mile and two 
thirds. No forest as old and as exten- 
sive as this has anywhere been reported 
up to date. We therefore have in east- 
ern New York, up to date, the oldest 
known forest in the world, and in our 
museum a unique and unmatchable 
exhibit. 

Except for the discovery of the seeds, 
which was quite accidental as many very 
important discoveries are, we would still 
have been left with a forest of fossil 
stumps and have been little better off 
than were Professors Hall and Dawson 
in 1869. By the merest chance. Dr. 
Rudolf Buedemann, state paleontologist, 


who was on the ground with some other 
collectors in the summer of 1920, came 
across a slab of dark shale containing 
seeds along the edge of the Schoharie 
Creek in the vicinity of the Manorkill 
Falls (see Pig. 3). The slab was traced 
to the bed of shale from which it was 
derived and a number of good specimens 
were obtained. Later in that summer 
the writer and an assistant worked this 
bed of shale and a fairly large collection 
of excellent material was obtained, in- 
cluding not only the seeds, but another 
kind of fruiting body, bits of foliage and 
roots. Further efforts in the summer of 
1923 led to the discovery of a new local- 
ity about thirty feet south af the original 
exposure, and in this and the following 
year our already unique collection was 
considerably augmented in both quantity 
and quality. Collecting in the spring of 
1925 showed both localities to be prac- 
tically exhausted, and besides this whole 
area will eventually be under the deep 
waters of the Oilboa resetvoir. 
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Tn addition to stumps, portions of the 
trunks of these fossil trees were found in 
1920 and later. In the early summer of 
1923 bases of stumps were found in 
‘ ‘ Riverside Quarry ’ ' with the long, radi- 
ating strap-like roots attached, so that 
there could no longer be any doubt that 
these trees grew in situ. In 1925 three 
specimens of the outer bark showing 
petiolar scars were brought in by Mr. 
R. Veenfliet, Jr., a local collector. The 
greatest numbers of the trees comprising 
these ancient forests were of this ‘*Gil- 
boa*^ tree type, but evidences of two 
other kinds of trees have been found. 
One is a Protolepidodendron, a lycopod- 
like tree, similar to the Naples tree, Pro- 
tolepidodendron primaevum ( Rogers) , 
known for so many years from the Port- 
age beds of central New York. This tree 


has not yet been described. In the fall 
of 1925 two specimens of another type 
of tree with long, grass-like leaves on the 
trunk were collected in ‘ ‘ Riverside 
Quarry, and they have been described 
under the name Sigillaria ? gilboensis 
(N. Y. State Museum Bull. 267, 1926) as 
another lycopod type of tree. 

In the early summer of that year a 
rootstock was found in the same quarry, 
which may belong to either of the last 
two mentioned types of trees. 

2. Upper Devonian Geography and 
Present Geology 

The Gilboa trees afford an index to 
the geography of the western Catskills 
and the Schoharie valley during the late 
Devonian period to which they belong. 
During these times, the present CatslciJl 



no. 4. BIVEBeiDE QtJAEKY, GILBOA, N. Y, 

TniS QUARRY 18 LOCATRD ALONG THE BOUOHARIE ORCEK, ONE UALF MILE BELQW THE DAM. FROM 
Mis QUARRY WAS TASEN THE STONE USED IN THE DAM AND THE GREATEST NUMBER, AND THE 
FINEST, OF THE FOSSIL THEE STUMPS. THIS OONBTITUTBS THE LOWEST TRZfi HORIZON AT 960 

FEET ABOVE TIDE, 
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FIG. 5. FOSSIL TREE STUMP IN RIVERSIDE QUARRY 

BEING REMOVED Il’ROM TIIE SPOT WHERE IT HAD RESTED FOR MIMiIONS OF YEARS. 



FIG. 0. FQSSIL TREE STUMP 

IN PEACE AT THE HIGHEST TREE HORIZON AT 1,120 FEET ABOV$ TIDE, ALONG THE ROAD ABOV? THE 
LOWEST PALLS OF THE MaNORKILL. THB MHiDU: HORIZON (1,020 FEET ABOVE TIDE) IS AT THE 

SITE OF THE QlLDOA DAH. 
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Mountains formed the low shore-line of 
a shallow sea; and the continental land 
lay oif to the east of the Catskills, ex- 
tending far into the present area of the 
Atlantic. This shallow sea covered the 
interior of the state and country and 
received the heavy drainage from this 
eastern land mass. The southwesterly 
flowing rivers brought down debris of 
the primitive vegetation with which that 
lost land was wooded, and scattered the 
remains, leaves, stems, branches, etc., 
through the vast delta and shore de- 
posits. Perhaps nowhere else in the 
known records of the rocks is there such 
an extraordinary acecumujation of the 
land flora of this geological age as in 
thos(! sands which underlie the slopes of 
the Catskills westward into the Alle- 
ghany plateau. Plant remains were 
mingled with the earliest of the fresh 
water mussels wdiich burrow^ed in the 
sands of the river mouths; at times the 
rivers carried the forest growth far out 
among the marine deposits and it was 
mingled with the animal remains of the 
salt sea. This close intermixture of ter- 
restrial and marine conditions is most 
abundantly shown in the low^er or earlier 
part of the Catskill terrane. The coasts 
of those days were very unstable, which 
w^ould give a swampy shore-line. Forests 
of primitive trees grew along these shore- 
lines, spreading down to the w^ater^s 
edge. Gradual submergence of the coast 
carried these trees beneath the water and 
the sediments piled up over their bases. 
At a later period when the sinking basin 
was again filled by deposits the forest 
again crept down to the water's edge. 
The discovery of these horizons of fossil 
tree stumps shows that three successive 
forests flourished here, were submerged, 
destroyed and buried. The fact that the 
stumps are buried in a fairly coarse 
sandstone indicates a rapid destruction 
and burial. 

The geologic horizon of the occurrence 
of the Qilboa trees apparently is the 


Ithaca formation. The Oneonta is char- 
acterized by red beds and they are not 
found as low as any horizon containing 
tree stumps. Red beds characteristic of 
the Oneonta are seen a ffcw feet above 
the highest tree horizon at the Manorkill. 
Collections made at a higher horizon 
four miles to the south at the intake of 
the tunnel show a prevailing Ithaca 
fauna ; and it is therefore apparent that 
w^e have an intermingling of Ithaca and 
Oneonta sediments. The fresh-water 
unio, Amnigenia catskillen.su, occurs in 
a massive sandstone one and a half miles 
northeast of Gilboa, some 600 feet above 
the level of the Schoharie Creek at Gil- 
boa, w^hich clearly indicates that the hori- 
zon of this shell is above that of the tree 
trunks found at Gilboa. The Ithaca 
fauna is also present on the hillsides 
above Gilboa; and all this indicates that 
we have in this area an interfingering of 
the Oneonta and Ithaca sediments. 

3. Strttti re op Gilroa Trees 

A full, teelinical description of the 
Gilboa trees may be found in a previous 
article by the WTiter (N. Y. State Mus. 
Bull. 231, 1924, pp. 50-93) by those who 
care to go into more detail than is given 
in the following description. 

The stumps taken from the three hori- 
zons show great variability in size and 
some variability in shape (see Pigs. 7, 
8). The bases of the stumps are bulb- 
ous, as might be expected of certain 
trees growing under swampy conditions, 
and show a circumference at the base 
from three feet and less up to nearly 
twelve feet (diameter less than one foot 
to nearly four feet). In general, the 
height at which the trunks were broken 
off varies from a few inches over one foot 
to about three feet or slightly over, but 
in the spring of 1925 a large specimen 
was taken from “Riverside Quarry,*’ 
which extended up into the trunk for 
five and a half feet. Some of the 
stumps narrow quite gradually from the 
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ljulbous base into the trunk, others very 
abruptly. The parts of trunk above the 
heights shown in the stumps, which have 
been found infrequently, are in a flat- 
tened condition. The museum has two 
of these specimens, one over four feet 
long and the other over three feet long. 
In the case of the latter, which was 
taken from the underside of an over- 
hanging ledge, as much again of the 
trunk had been broken away and lost; 
and, beyond the section obtained, the 
trunk continued into the solid rocks with 
little, if any, diminution in width. An- 
other specimen, too poor to be removed 
from the rock, showed some twelve feet 
of slender trunk which must represent a 
portion near the top of a large trunk or 
the trunk of a very small tree. Judging 
from the stumps and the portions of 
trunks, the largest of these trees must 
have reached heights of thirty to forty 
feet.' 

The outer cortex is the only structure 
of the stumps and trunks of these trees 
that is to any extent preserved. The 
interior structures have been washed out 
and the cavity left filled with sand 
which has helped preserve the shape of 
the stumps in fossilixation. The struc- 
ture of the outer cortex is similar to that 
seen in a group of Carboniferous seed- 
ferns (Lygiiioptcris, Heterangium). It 
consists of interlacing strands of 
strengthening tissue (sclerenchyma), 
forming a network or more or less paral- 
lel (see Fig. 9). In transverse sections, 
unlike the Carboniferous forms, the 
sclerenchyma appears in the form of 
dots or short thick irregular lines, irreg- 
ularly scattered. This zone of the outer 
cortex varies from an inch or less to sev- 
eral inches in thickness, depending upon 
the size of the stumps. In the majority 
of eases, the outside portion of the outer 
cortex is missing, but it is well shown in 
several cases. The outer surface is 
marked with shallow ridges and furrows, 
in some cases giving the elteet of a bark ; 
in other cases the outer surface is only 


irregularly furrowed and wrinkled or 
even just roughened, some of which is 
undoubtedly due to shrinkage in preser: 
vation ; but in either case the outer sur- 
face appears to be composed of layers of 
sclerenchyma forming a kind of bark, 
which in the living tree probably had a 
covering of ramentum or fibers. The 
underside of the base of the stumps (see 
Pig. 10) is quite strikingly furrowed in 
a radiate manner, and in some specimens 
a depression is seen at the center. The 
base as well as the sides has the outer 
zone or covering of sclerenchyma layers 
above which is the zone several inches 
thick, varying according to the size of 
the stumps, of interlacing sclerenchyma 
strands. 

The interior structure of the trunk for 
the jjresent remains unknown. A trans- 
verse section of one of the smaller trunks 
shows toward the center an irregular, 
thin ring of sclerenchyma tissue and 
within this ring and to some extent out- 
side are irregularly scattered strands of 
sclerenchyma tissue. The scattered 
sclerenchyma strands may be due en- 
tirely to some maceration before preser- 
vation ; but the ring itself appears to be 
a definite zone, part of a missing central 
cylinder of strengthening tissue. Trans- 
verse sections of larger trunks were 
made, but nothing was found. Success 
in this line can probably only be attained 
when a petiole or rachis of a frond is 
found preserved in such a condition that 
thin sections can be made for study. 

In the earlier collections specimens of 
roots were found, but no stumps were 
taken with roots attached. This brought 
forth criticism of our statement that the 
stumps were buried in situ. The discov- 
ery in the spring and early summer of 
1923 of specimens showing the under- 
side of the tree bases with roots attached 
(see Pig. 11) finally settled the question. 
The roots are long and strap-like and 
radiate from the margin of the base. 
One specimen was obtained under diffi- 
culties and set up in concrete to form a 
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FIG. 11. UNDERSIDE OF BASE OF SMALL STUMP 
SHOWING THE RADIATING STRAP-LIKE ROOTS. STUMP 14 INCHES IN DIAMETER. SLAB 6 FEET 4 

INCHES BY 5 FEET 7 INCHES. 

museum exhibit, through the kindness of is in sandstone, seen from the under 
Mr. Henri Marchand, who was then side ; but other specimens were found on 
working on the Gilboa restoration. The the dumps irome time later, showing the 
slab, as exhibited, measures five feet impression of the root base in the shale 
seven incKes by six feet four inches, bed beneatb the sandstone, often with 
The base of the stump is about fourteen the radiating roots well shown. The 
inches in diameter, and the radiating shale be^, as pointed out previously, 
roots, from one half inch or less in width represents the muids in which the trees 
to Around an inteh, extend without grew. • 

termination as far as the rock is pre- The fronds of the Gilbba tree are 
served. From a study of this and other compound,, tripinhate (three divisions), 
specimens it appears that the roots were and judging from the fragments and 
undivided, l^ch larger specimens larger specimens collected, were at least 

found in the quarry with roots at lealr six to nine feet long (see Figs. 12, 13). 
nine feet long, but it waa impracticable The pinnules were bilobed, with the 
to get them out. The museum specimen lobes slightly recurved. The impression 
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of the main rachis or stem of the frond 
in the widest -part varies from three 
eighths inch to five eighths inch in the 
larger specimens. Both the primary and 
secondary divisions are alternately ar- 
ranged. The petioles are described as 
slender and much expanded at the base 
and spirally arranged in about five 
ranks. Specimens of outer bark showing 
petiolar scars were collected in the sum- 
mer of 1925 ; but, as yet, the museum has 
not located any specimens of trunks 
showing the attachment of the petioles. 
About 1870 or 1871 a Mr. Lockwood, of 
Oilboa, found the upper part of one of 
these trunks, with its leaf scars pre- 
served and petioles attached. The speci- 
men was described by Sir William Daw- 
son as probably the upper part of one or 
the other of his species of Psaronius 
found in the same bed. 

The seeds of this Upper Devonian tree 
(see Pig. 14) bear a strong external re- 
semblance to those of the Carboniferous 
seed fern, Lyginapteris oldhamia, and to 
other Lyginopterid seeds. They were 
borne in pairs at the end of forked 
branchlets and were probably borne near 
the tip of the frond. Sometimes the 
dichotomies are such a short distance 
apart as to bring, frequently two, some- 
times three, pairs of seeds close together, 
giving a clustered effect to the seeds. 
The seed b broadly oval (measuring in 
the larger specimens 6.3 mm x 2.5 mm 
to 6,4 mm x 3.4 mm) and inclosed in an 
outer husk or cupule, which in some 
cases appears to be lobed. Separate nut- 
lets were found. They occur in groups 
of small, rounded, thick bodies. 

The second type of fruiting^ body 
found has been interpreted to be part of 
the male fructification, a sporangia- 
bearing organ ( sporangiophore ) , though 
no separate sporangia have been found. 
These sporias^a-bearing organs are 
modified pinnules; they are rounded- 
ovel, saucer-shaped to funnel-shaped, 
and are borne on branching pedicels. It 


is believed that the sporangia were clus- 
tered and attached to the underside of 
the sporangiophore near the place of 
attachment of the pedicel and extending 
out toward the margin. 

The two species described by Dawson 
were distinguished by the arrangement 
of the sclerenchyma strands of the outer 
cortex which he interpreted as aerial 
roots; and to-day the species can stand 
only on those characters upon which 
they were originally separated, since we 
have discovered nothing further to add. 
His Psaronius*^ texiilis (Fig. 7) is 
distinguished by a network of interlac- 
ing strands of sclerenchyma and 
''Psaronius** ermnus (Fig. 8) by moi'e 
or less parallel strands. Only one kind 
of foliage has been found ; also only one 
type of seed and male fructification. It 
would appear then that only in the in- 
ternal structure of the trunks could 
these two species of trees be distin- 
guished while living; for if the two 
species diifered in foliage and fructifica- 
tions, with all the collections that have 
been made, some evidence of this would 
have come to light. There may, how- 
ever, be another explanation of this. 
The fact that stumps of the textUis type 
have been found in numbers greatly in 
excess of those of the erianus type may 
account for the collection of only one 
kind of foliage and fructification, espe- 
cially since the localities from which the 
collection of tliis material was made were 
few and of limited extent. 

4. Descrip^hon of Forests and 
Bestoration 

By June, J922, after more than half 
a century since their first discovery, we 
were in a position to place our trees in 
their proper relationship and to attempt 
a restoration. These Gilboa trees in gen- 
eral appearance must have resembled 
the tree ferns of the tropics to-day, and 
also of the ancient Carboniferous and 
Upper Devonian times. The Gilboa 
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The seeds weke boiine jn fairs at the end or forked branchlets and were probably borne 

NEAR THE TIP OF THE FROND. NATURAL SIZE. 
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Wfttti., not bdong in this 
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taiw or Ftwiiimii< luophTtes) standing 
hi a lMsltioik';latiM||iu the tree ferns and 
ht^wa iSied'pliiiitllland tho 7 differ from 
tba tn|a ferns in IHe possession of seeds 
and in tiw Idflfaei^ organization of the 
trank. Sum t^imrne Psaronius had to 
in .ahSitt^hl^iyB^ seed ferns, a new 

femiis. , . eraaMi, Eospermatopteris, 
nomdaf seed fern” (from 

^ sperma — seed; 

two species now 
stand textUis (Daw- 

son) and.R. ''iniiMs (Dawson). 

JM oat, these trees 

grasr i^enid 4 shore. They 

prolndlfy ritaVid^vmselves to heights of 
at leigt to forty feet and 

'1mm If4|iide six to nine feet in 

lengtk* <4 some of which were 

Iwn^ tiu| aesd||;^The bulbons base on- 
W in the swampy 
load lor ng|nn':^Miii»i»sCi as the roots are 
not h«as7^ tree otherwise would 

nin IkM adkikm support. The foliage 
tke tiwai.^nni^t heavy, much looser 
iito'''^;i 4 iil|ij Wb nis of to-day and the 
' ,**''1*4^* ''^ore far apart (see 
Si'i fi ii r i l i n ld have been no dense 
lllliib'/ III; forest; except 
moist atmosphere 
filter through. No 
existed there. The 
kiUli, 'if -kliiiM not heard, for there 

here at that time. All 
'ipa 'lifillfjp would hear could one 
M ancient forest would 


be the murmuring of the winds in the 
tree tops or sounds from the neighboring 
sea or at times the howling of destruc- 
tive storms. Three such forests, un- 
daunted, reared themselves in all their 
glory, were cut down by the sea, buried 
and fossilized. 

The restoration of the Fossil Forests 
of Gilboa (see Fig. 1) was executed by 
the artist and sculptor, Mr. Henri 
Marchand, and his sons, Paul and 
Georges, under the supervision of the 
writer. As shown in the accompanying 
photographic reproduction, it includes 
an idealized reproduction of the Gilboa 
area, showing the three forest levels, and 
here the actual fossil stumps are used. 
In the center foreground flows the Scho- 
harie Creek, which is joined at the left 
in a scries of falls by a tributary, such 
as the Manorkill. Looking across and 
beyond this fossil section one sees the 
painting of our vision of this ancient 
forest as it might have looked in the 
height of its glory. The lycopod-like 
trees {Protolepidodendron) , which grew 
in small numbers in these forests, are 
also shown in the painting. At both 
sides of the painting are life-size restora- 
tions of the Gilboa tree, which merge 
imperceptibly into the painting. The 
artist has depicted so understandingly 
and skilfully the character of the forest 
with its heavy moist atmosphere that 
this restoration is at the same time both 
a scientific reproduction and a beautiful 
piece of art 



REFLECTIONS ON CREDULITY 

Br Probnor A. W. METER 

DXPABTXXNT OT ANATOICT, STAMTOaD UNIVUSITY 


Although the rdle of sceptieism 
looms large in the discussion of the 
intellectual development of man and 
the history of civilization, its twin 
sister, credulity, goes almost unnoticed. 
This fact probably can not be accounted 
for by saying that nobody knows what 
credulity is. We know no better what 
scepticism is, and there has been no end 
of discussion of consciousness, of mind, 
of life and of the souL Yet who ven- 
tures to say what they aret Only the 
parvenu among modem physiologists, 
philosophers, or what not, attempts that. 
It is not my purpose to trace the history 
of credulity, to account for its changing 
prevalence, or to determine its role in 
civilization. That must wait for those 
fitted for the task. I merely wish to call 
attention to some matters of interest in 
connection with the question. 

It seems that one may speak Of waves 
of credulity and that these often have 
been associated with periods of emo- 
tional strain and stress. We ourselves 
are not yet through the one we entered 
with the Great War. Every one finds it 
difficult if not impossible to think 
calmly in times of great emotional ap- 
peal. It is this which makes tolerance 
in war and religion so difficult. As Sir 
Thomas Browne well said; “Men have 
lost their reason in nothing so much as 
their religion (and he should have added 
war) wherein stones and clouts make 
martyrs; and since the religion of one 
seems madness unto another, to afford 
an account of the rational of old rites 
requires no rigid reader.” Nor is it 
only religion and war of which this is 
true. It holds for an}rthing regarding 


which men feel strQ^i^, and it k re- 
corded that artificifiily produced emo- 
tional excitement is uied among primi* 
tive people to stimulate belief bx magic 
and animism, for incantations increase 
suggestion, heighten the illusion and 
hence forestall scmfkiy and eritieum. 

Credulity is so prevalent even to-day 
as to escape comment. Indeed, it is the 
rule, scepticism the exception. We take 
conformity in all things for granted; 
non-conformity only attracts attenticm. 
This probably always has been and 
probably alwa3rB will <be sol But if tins 
be true, then it must follow that man k 
far leas a reasoning i^being than he has 
prided himself upon bdng and that most 
people still walk by faith rather than by 
sight. 

Most thinking is hapiuuwtd and sound 
thinking an art which lew acquire. 
We become reasoners only through pain- 
ful experiences. We are bom into^ bred 
for and later yield to, if we do not actu- 
ally strive for, conforniity> hCass treat- 
ment and mass production ako impose 
it. Our religious, our political and our 
scientific beliefs are pptpared for us. 
We are bred dogmatistg and only the 
Oaltons protestingly adl: **Are we to 
understand that it is the duty of man 
to be credulous in accepting whatever 
the priest in whose neighborhood he 
happens to reside may sayl la it to 
believe what hk parents lovingiiy tani^t 
himf ” We grow up to accqpt things as 
they are, and credulity ever has forged 
the chains which sceptieism latw has 
had to break. Few indeed are they who 
shatter its bonds early and Itvike out 
boldly for themselves. 
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OomMIitioiu ^Ailb coxistitiite credu- 
Utr nUQT Iwre been regarded aa 

wMhMA Imt yeaterdby. Yet the mental 
atti^tM whioh eharacterize a credulous 
penon probably have remained the same 
and so haye the criteria by means of 
which we jndge it The nature of credu- 
lity ia nn^uuiged and so no doubt is its 
cause. The credukras have formed a 
large group in all ages, but we are bom 
neither credulous nor incredulous and 
one can not rightly speak of an instinct 
of credulity. One can be bom credulous 
only in the sense that he lacks mental 
acumen, curiosity or initiative and it 
surprises one that Ward referring to 
Bain spoke of a “primitive credulity” 
as the leading fact in belief, and that 
James spoke of “a primitive impulse to 
affirm immediately the reality of all that 
is conceived.” 

Credulity ia characteristic of the 
childhood of man and of civilization, 
and <me might perhaps use its preva- 
lence as an index of the intellectual 
status and perhaps also of the happiness 
of a people! Childhood is generally 
conoed^ to be a happy and a pleasant 
state, hence the more credulous a people, 
the happier it ought to be. A credulous 
mau has few perplexities. “Is it not 
true^” asks Pascal, “that man must be 
igomrant of the science of geometry if 
he is to be happy t” Erasmus, writing 
ironically, spoke in a similar vein when 
he said, “If anything could be known 
for certain would knowing it not inter- 
red and abate from the pleasure of a 
UMP! happy idoranc® t ’ ’ However, we 
count thip doys great in the history of 
ob^SUpbijon, intVhich the bonds of credu- 
IMi were broli^ quite generally and new 
opoiptied to dawn upon the 

fiipied ;^ among men. 

> habitually associate credulity 
usually speak of an 
a credulous age with pity, 
happy day we may have 


the wisdom to erect monuments, in our 
hearts at least, to more of the pioneers 
of those great enlightening epochs in 
human progress when the emancipation 
of the human mind went forward apace 
— epochs in which links in the chains 
which man had forged for himself were 
broken, thus enabling men to speak 
freely even if they did not think very 
deeply or speak very wisely. It is not 
necessary, for example, to unqualifiedly 
accept the feeling of Rabelais regarding 
the preaching of his day in order to 
admire his audacity in declaring; “The 
loss said the better. I never sleep at my 
case except when I hear a sermon or 
when I pray to God.” It means much 
indeed for his time that he dared speak 
out, although Rabelais was an anatomist 
and physiologist as well as a literary 
man and hence perhaps unduly unre- 
sponsive. 

It is not credulity regarding theologi- 
cal matters that has a special interest for 
me, although, to be sure, credulity in 
science often is a twin sister of credulity 
in theology. Although theology and 
science do not necessarily deal with the 
same topic, “many of us are taught from 
earliest childhood to invoke the saints” 
to further our own ends. 

Credulity in scientific things has not 
been limited to those unacquainted with 
science. Nor have churchmen lacked 
scepticism regarding scientific matters. 
Men in the shelter of the church like 
Boyle and Newton maintained an en- 
couraging scepticism regarding scientific 
matters. Others, like Pascal and Steno, 
were sceptical at first, then fell under 
the sway of theology and ended thdr 
scientific careers prematurely. Still 
others, like Sir Thomas Browne, were 
grossly credulous at first and unusually 
sceptical soon thereafter regarding the 
same things but without severing their 
relations with the church. 

Environment no donbt played a part, 
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a very important one, in Browne 's case, 
for it probably was the “Zeitgeist*' 
which saved him. In Pascal *s case, how- 
ever, it was not only through the spirit 
of the times that his great intellect was 
lost to science, but through an intense 
desire for happiness which science did 
not seem to vouchsafe him, for he de- 
clared, “1 spent a long time in the study 
of exact sciences, and I was disgusted 
to find how little compensation one can 
find in it. When I began the study of 
men I saw that they were not suited to 
it, and that I had wandered further 
from my proper condition in investigat- 
ing them than the others had in neglect- 
ing them." But the difficulty lay not in 
science, for Kepler, Galileo, Newton and 
a host of lesser men found their greatest 
happiness there. The difficulty in 
Pascars case probably was due to per- 
sonal rather than to environmental 
causes. 

Aside from the question of the origin 
of life and the destiny of man, there is 
no sphere in which credulity has played 
and still plays a Larger part than in re- 
gard to health and disease. It is pitiable 
that such deep credulity persists regard- 
ing these matters even to-day when so 
much that is reliable is known concern- 
ing the human body and the infirmities 
from which it suffers. This so impressed 
the late Sir William Osier that in a pub- 
lic treatise, issued shortly before his 
death, he wrote: "In all things relating 
to disease, credulity remains a perma- 
nent fact, uninfluenced by civilization 
or education." 

Osier repeated the same thought a few 
pages further on and among other things 
added : ‘ * Precious perquisite of the race, 
as it has been called, with all its dark 
and terrible creed, credulity has perhaps 
the credit balance on its side in the con- 
solation afforded the pious souls of all 
ages and of all climes, who have let down 
anchors of faith into the vast sea of 


superstition. We dilKBilt it in with our 
mother’s milk andSliSt is iodmd mn 
even-balanced soul vIHiSUt aoBe tiMMnre 
of it. We must ack^Medge its putepieT' 
to-day as effective niMrmg the most e^- 
ized people, the pe(f|rie with whom edu- 
cation is most widtiigr spread, yet who 
absorb with wholeMe exeduUty delu- 
sions as childish nn jhnr that have ever 
enslaved the mind cftisaii.” 

Nor was the melMsl profession ex- 
empted by Sir WilllMto^ ,for he dedaied : 
“We doctors have iftesyB been a simple 
trusting folk! Th^iddind faith which 
some men have in gjldicines illustrates 
too often the grealMst of all human 
capaeities — the capmity for self-decep- 
tion.’’ » 

Osier, who had bein twitted on prac- 
ticing medicine with^nux vomica and 
hope,’’ in referring. to organotlwcapy, 
wrote : ‘ ‘ One is almofhSHflianMd to (peak 
in the same breath olMiie erednkiuanesB 
and cupidity by whl||h etvttu the strong 
in intellect and thelltfdi in expmenec 
have been carried W in a flood ot 
psendo-science. ThiAhas ever been a 
difficulty in the prolwMbm.’' Indeed, 
one need not wonder |iwt the lai^ 
outdo the profession Hiien men of the 
highest standing— cvefliaheedM 
in pore science to-day Hleat ,lo the awiet 
apocryphal cures by i|pacttd(MuientUlls 
and outright quacks. &>. 

Since St.' Augustine mfll haiesr wliat 
“old wives’ tales’’ wereptenipiWMSOiM 
that this learned man Upstved Iftte 
flesh of a peacock novertaMflelAsa. 1B»- 
pecially so since he derid^klliBne Af flme 
tales himself and also stA^idwt/he/te 
turn was derided by God.mMNpiplMiie* 
sibly and little by little leKpi4e thiW 
follies, as to credit that a ■ 
when it was plucked, aW( 
mother tree shed milky tear|R!,i; #r 
“had some saint eaten 
with his entrails, he should ha^ifeMalhnil 
out angels; yea in his prayeiillMMI 
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BAiiiipily sigh forth particles 

of 0^ wMdk particles of the most high 
aiid Ootf should have remained 
boimd in the fig unless they had been 
set free by the teeth and belly of some 
*8waet eaintP Nor did Augustine 
belitSve in sorcery, for he says: “I re- 
meiiiber» too, ^t when I decided to 
counpete for a theatrical prize, a sooth> 
sayer demanded of me what I would give 
him to win ; but I, detesting the abomi- 
nating such fool mysteries, answered 
that if the garland were of imperishable 
gold, I would not suffer a fly to be de- 
stroyed to secure it to me/' Yet, St. 
Augustine decried the belief in the antip- 
odes and held that touching the bodies 
of martyrs “preserved uncorrupted for 
so many years ” would heal blindness. 

Kr Thomas Browne declared his be- 
lief in palmistry, tutelary angels, the 
philosopher's stone and the reality of 
wit<di68. This strikes one with surprise, 
especially because he held that those 
who disbelieved in witches were not 
merely infldels, but atheists, adding, in 
the ntsnner of TertuUian, that he was 
the more ready to believe a thing the 
more improbable it was and that the 
impossibility of an alleged occur- 
rence is an evidence of its truth. Yet, 
but a little over a decade later this able 
and lovable man asserted in his “Pseu- 
dodeoda, or Inquires into Vulgar Er- 
rors’* that there are only two pillars of 
tmth^ enperienoe and reason, and that 
Mj^ert ol inquiry, obedience to author- 
caredulity are responsible for 
IMch eiKor. This sounds strange indeed 
4in|ing limn one so steeped in theology 
Ipnit Im had argued .in all seriousness but 
before, that he should not 
diMba Ida age from the day of his birth 
hdt from that of his baptism, because he 
Ail not exist before then. Although 
dUI wUa a well-known and current theo- 
ilglSil ooneeption, I can not adopt the 
sri^tude of apologists who see nothing 


contradictory in this attitude of 
Browne's, for even if the word existence 
is used in a wholly different sense, to 
reckon his chronological age from bap- 
tism nevertheless remains nonsense. 
The assumption of water-tight mental 
compartments can not save it and as 
Boutroux has well said : “ If science and 
religion are to continue to co-exist, it 
seems opposed to the conditions of mod- 
em thought to admit that this result can 
be brought about by the so-called 
‘watertight compartment' system which, 
at the present time, is frequently ex- 
tolled and considered possible.” A 
thinker may say so, but it does not 
therefore follow that he actually can so 
confine his thoughts. It seems to me 
that the day never was when real think- 
ers could “hold religion in one compart- 
ment of their minds and their modem 
world view in another.” A daring in- 
tellect does not, nay can not, build men- 
tal fences for itself. 

After discussing a long list of errors 
of credulity, Browne concluded by say- 
ing: “Many others there are which we 
resign to divinity and perhaps deserve 
no controversy.” He was thirty years 
old when he wrote the “Religio Me^ci” 
and forty-one when he wrote the 
“Pseudodoxia.” It is true that his was 
not a very outstanding intellect, but be 
nevertheless was a man of rare parts, of 
varied learning and of wide experi- 
ence. Earlier in his career he appar- 
ently had followed Bishop HaU's dic- 
tum th,at “not a curious head, but a 
credulous and plain heart is acceptable 
with Ood.” His complete about-face 
can be accounted for by assuming that 
the times in which he lived idiaped his 
attitude as they do our own. No one 
is independent of his day, least of all 
of the present, and it may be recalled 
that during the war one of our highest 
government officials declared that the 
United States had been chosen by Ood 
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“to greatly influence, if not to deters 
mine, the course of future events." It 
would be interesting to know whether 
or not this gentleman held as firmly to 
his belief in the intervention of the Lord 
in human affairs after his defeat as a 
presidential candidate I 

Since Pascal assigned a similar crucial 
role, as this politician assigned to our 
country, to “a little piece of gravel in 
Cromwell’s bladder," we should not, I 
presume, doubt this confident verdict 
regarding our country's “manifest des- 
tiny." It may be recalled that Luther 
was afflicted in a manner similar to 
Cromwell and that the removal of his 
stone too might have changed the course 
of history. Hence I make bold to sug- 
gest that the influence of urinary cal- 
culi on history might be a fitting subject 
for some young aspirant for the doc- 
torate. 

In Browne’s case the change in men- 
tal attitude was from a condition of 
extreme credulity to one of frank in- 
quiry; in Pascal’s case it was the re- 
verse. The difference in the result, it 
seems to me, does not lie wholly in the 
differences of the times, but largely in 
the men themselves. I am reminded, 
however, that Matthew Arnold held that 
the differences of opinion and character 
in men are not organic, but wholly the 
result of a difference in environment. 
But fortunately there are innately curi- 
ous just as there are Innately confiding 
individuals. “Some men and thinking 
men too," says Buckle, “never have 
those vexing thoughts" of doubt. They 
close the door of doubt, or better never 
open it. They do not give “stabbing 
truths" a chance to affect them, but 
rather “trust in false things and nour- 
ish the wind," as St. Augustine said. 

Carlyle thought that “there are only 
a few reasoning mortals, here and 
there," and Mill in his diary declared 
that there was neither thought nor 


knowledge in England. 

“The characteristic 
knowledge without thoi||^; ^ 
thought without knowlOi%< j ill 
neither knowledge nor 

“The Germans, indlN^ gilnttpt 
thought, but their tllilgllt Is WWBSe 
than none. The EngUlA, Wilih raw w- 
ceptions, never attempt it. i9!he iP^Bndi 
are so familiar with it lUlK 'tiiOM wbo 
can not think at all ttalWw ilie VMidts 
of their not-thinking hilo liM fona 
thoughts.” 

It may be recalled ftait iMdcy hald 
that it was not arguiuoata, biit hsblta 
of thought resulting ' Jinim «osui|Mm 
sense, that overcame thg lldtiaf in witeh* 
craft. But common seaia aondy it dm 
product of experience mid' ^ ciWHdh 
based upon it. New- habilk igol Ihoaght 
can arise only on the badt dt 'W0W ai!> 
periences, or from desiraa to 


needs. It does not seCMi'fidiKible that 
a whole people is likelyn^ nr avbn can, 
change its habits of thougUd dt dBQ^ brief 
period of time, save throuStnijdMift arid 
universal experience, for da^ 
is not a universal trait of flMidiail. in 
takes resolution and effort laddldc and 
there is considerable trutltdwaiw atata- 
ment of a recent writer .dl|it '*nioat 
people would rather sicken i^an 

think,” and he added, “tlnrifAlb** In* 
deed, “it is much easier toijdnaaia iMmb 
to doubt, for doubt 
and the expenditure of eneij||r,i,niad fittan 
also the disruption of the stdNpailpt' 
Few of us can break the abRlin 
bind ns, and still fewer wishttilnidNii'ifaill 
and after all perhaps Shaw ip^ 41^ 
when he said that the oleverestlliilti 
believe anything he wishes in aiih[Naiil| 
the facts in the world. Howeveli|.^j||li(i|P 
never felt much sympathy with ilba'iip 
saying: “Populus vult decipW’^^ 
every one but a fool resents beingdanlil 
with. Worthless stock causes rajaillplf 
only as long as its true nature 
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People like to deceive them- 
■dip refsrdiog unwelcome things, 
Wli titBli ooljr provided that the truth 
OB:£,i«ltlity of them can not be estab- 
liwed. Did they know for a certainty 
that dirillmionment would follow in- 
evitaUjr and swiftly, few indeed would 
adah to be deceived regarding anything. 
Na one is flattered by public disclosure 
of die fact that he has been duped, least 
of all that he has doped himself, but it 
is so easy to believe when the wish is 
fafllier to the thought. I desire to get 
well, tharefore, I will get well. Credu- 
lity easily congeals into prejudice, and 
as l^adall put it: “The drugged soul 
is b^ond the reach of reason. It is 
vain that imposters are exposed, and the 
^tecial demon cast out. He has but 
i^htly to change his shape, return to 
his house, and find it empty, swept and 
garnished.’' 

It is especially interesting that re- 
ligion has often been advanced as a safe- 
gnard against credulity, but it would 
Ssam more likely that religious beliefs, 
which are accepted upon authority, most 
tand to lessen the spirit of inquiry in 
regard to other matters also. It is re- 
puted, for example, that the Baloki had 
no faith in their medicine men before 
thS missionaries came. Yet, Mill wrote : 


*'Zt Is Miiistimes said that religion is the 
se)y prsssrratlTe from superstition; that nn- 
bdUysm and nnbeliering times are the most 
iadiieiimlinttfy crednloos; ‘A godless Begent 
trsmblas at a star,’ the popular delusions 
(ICssiner, Oagliostro, etc.) of the time preeed- 


lag tks Vreneh Berolutlon: mesmerism, table- 
taiatBg, Sto., at present. But the truth is, 
.s^td^ and love of wonder are so natural to 
hin that they always (hitherto) run riot when 
they have only reason to control them. Oredn- 
llty has aeesr yet been held in ehesk, but by a 
segalatsd ersdulity — a faith of some sort which 
sasoananaisates all wonders but those which it 
esa use for its own purposes. Those who 
tkiaw off this fattb do not thereby beeomh 
altsrad in the general texture of their under- 
staadiags; they remaia as erednlons as erer, 
bat be^ no loager preoeeupisd (and the ap- 
psldte for wonder Uuntsd) by one set of ds- 
amions, they are now open to all others.” 


Were this true, then all nations moat 
have been very irreligioua during the 
Oreat War, for anything and everything 
was reported and believed. We were 
alleged to have poisons so potent that 
whole cities could be swept away as with 
a breath. To hear a rumor was to be- 
lieve it, to believe it was to accept it as 
truth, and to accept it was to aot upon 
it quite regardless of the consequences. 

In spite of the beneficent fruits of im- 
proved means of communication, the in- 
troduction of printing, the telephone and 
telegraph, wireless telegraphy and so 
forth, these make credulity more con- 
tagious, for they not only excite wonder 
but help to reveal the credulous every- 
where and make contact with them and 
between them easier. Dame Bumor 
now-a-days moves faster than the wind 
and times of great awakening, such as 
the Benaissance, are said to have been 
followed by epidemics of credulity. 
Great discoveries create an impression 
that all things are possible and in 
the present so-called scientific period, 
Abrams and Hatfield become popular 
heroes and the public has little sym- 
pathy with scientific disbelief regarding 
them. 

Nor is credulity entirely absent from 
scientific laboratories. We can grow tis- 
sues under the microscope, therefore, 
we have life in a test-tube. Physiolo- 
gists talk about colloidal i^stems and 
some of them claim to know what life is. 
If we scientists delude ourselves, why 
rebuke the masses who are deluded by 
others most of the time and if it be trhe 
as Tout claims “in no period are the 
critics an exception to the general rule 
of unthinking credulity,” no one would 
seem to be exempt. 

Although there undoubtedly are credu- 
lous natures, ignorance seems mainly 
responsible for the prevaloaee of credu- 
lity in the public and in the individual. 
This does not imply, however, lliat edu- 
cated peiBons may not be deeply credn- 
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lous, for no one can know enough to 
ensure wise action in all things. Safety 
lies in an awareness of one’s ignorance 
and in relying upon those who do know 
about matters that one does not. In this 
lies not only the salvation of the indi- 
vidual but also that of democracy itself. 
The eclipse and the rainbow ceased to 
be portents of evil as soon as they were 
understood. As Hobbes well said: Ig- 
norance of natural causes disposes man 
to credulity, so as to believe many times 
impossibilities; for such know nothing 
to the contrary, but they may be true, 
being unable to detect the impossibility. 
And credulity because men like to be 
hearkened to in company, disposeth 
them to lying; so that ignorance itself 
without malice, is able to make a man 
both believe lies, and tell them; and 
sometimes also to invent them.” 
Hobbes’s opinion receives some confirma- 
tion from Mill, wlm thought that there 
is more of lying than of self-deception 
in spiritualism. 

There have been those who have held 
that credulity is a conserving social 
force. By doing something to produce 
rain Hatfield may have lessened the 
anxiety of some and increased the hope 
of other ranchers. Ceremonies and 


prayer during illness or ww 
eomplish similar results and 
the idle and anxious 
thus protect the rest by 
former from mischievous and dMltfb- 
ing thoughts. This may 
trine for children and the 
let it not be forgotten that 
credulity — as when it licensee eiAli ^ 
deal with public health or 0|lpN|li«^ 
use of the dead for help to 
is as destructive a social f ore^ ^ 
the belief in witchcraft. It was 
said that “black magic and rad IMligiMl 
have been extremely anti-aoeial M 
times” and that no “baaer delQliaR 
(than superstition) ever obtained da- 
minion over the weak mind of 
Indeed, no one can tell what heigbtl 
human race might have reached bjr to- 
day had it never been burdened witil 
unquestioning credulity. I ^pmtSStk 
there should be no unpardonabie oiiiMB 
among men, but if there be 
shackling the human mind BhOilijl liafA 
the list. A sound mind in a aoimi 
body is a worthy ideal indeed, but a 
sound mind is of little use unless it bs 
free, even if it remain true, as 
thought, that liberty is but a dfddl 
dream. 
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PMQBB88 as a biologic and social fact 
aad the idea of progress as a social force 
aare distinot phenomena. The fact of 
pfogrees is disputed; the idea of prog- 
ram as a dynamic element in modem 
sodety is generally accepted. 

It is perhaps significant that the origin 
of the idea of progress about the middle 
of the sixteenth century, and the acqui- 
sition of its present social potency in the 
latter part of the nineteenth, was each 
associated with an event that gravely 
wounded the pride of the race. Coper- 
nicus proved that the earth was not the 
ocilter of the universe, but a very in- 
siguiflcant part of its own solar system. 
In 1858, Darwin published his Origin 
of Species,” ushering in the theory of 
evolution by which man was degraded 
from his proud position ”a little lower 
than the angels” to a more humble rank 
a little higher than the apes. 

Before Darwin, man, looking back- 
ward over his racial history through the 
q>eotaeleB of a religious dogma, saw a 
Garden of Eden or some other golden age 
of innoeence and happiness. But with 
the onset of a sort of racial presbyopia, 
these spectacles lost their power, and 
man saw in the long dim vistas of the 
past not a beautiful garden inhabited 
by a perfect man and woman, but an 
uninviting Paleozoic swamp in which 
ugly reptiles disported their unwieldy 
bodies. This look into the long past, at 
first so disconcerting, was not without 
its useful effect. When he awoke from 
his dream of a past golden age and be- 
came dimly conscious of his own an- 
cestry, the idea of progress took on a 
new meaning and acquired a strange 
potency. 


Progress began with the appearance 
of life upon the earth. Whatever the 
fundamental nature of life, with its ad- 
vent matter that became living acquired 
an activity that was largely unpredict^ 
able as to direction, mode and strength. 
The realm of the organic or living was 
separated from the inorganic or non- 
living. The inorganic world is intensely 
dynamic at least within narrow fixed 
limits of the atom; but it lacks indi- 
viduality. The organic or living world 
exhibits spontaneity and an orderly 
system in the midst of an almost un- 
believable multitude of living beings. 
Individuality, that quality that marks 
off one being from another of its kind, 
came upon the earth with life. 

The second step in progress was made 
when living organisms became more com- 
plex. Instead of a single cell some of 
them came to be composed of many cells, 
some on the surface near the source of 
supply of nutriment, others in the more 
central parts where the needed nourish- 
ment could reach them only by diffusion 
through the more superficially located 
cells. The needs of increasing complex- 
ity were met by the formation in the 
body of different organs, composed of 
highly differentiated cells and with spe- 
cialized structure and function. 

With the increasing complexity of 
living organisms and the division of 
labor among the organs of the body, 
there entered a new factor of progress, 
namely, death. Death became a bio- 
logic necessity; one of the fundamental 
determinants of progress. ”The sure- 
enwinding arms of cool enfolding death” 
are quite different when considered from 
the standpoint of biology and progress, 



538 


THE SCIENTIFIC MONTHLY 


from the dreaded, inexorable, diaao* 
elating destiny that death becomes to 
the individual. Ooethe remarked that 
'‘death is Nature’s expert device for 
producing an abundance of life.” To 
“yearn for speedy death in full fru- 
ition” is not an unworthy biologic de- 
sire. Swinburne had something of the 
biologic viewpoint in his “Garden of 
Proserpine” when he wrote: 

From too much lore of Uvlitg, 

From hope and fear aet free. 

We thank with brief thankagiTing 
Whatever goda there be 
That no life Uvea forever; 

That dead men riae np never; 

That even the wearieat river 
Winda aomewhere aafe to aea. 

With the increasing complexity of 
structure and size of organisma and 
with the advent of death, life became 
more abundant and aggressive without 
being in the way of its own progress. 
Each living creature leaves behind it an 
abundance of seed capable of repro- 
ducing its kind and making possible use- 
ful variations. This is, as Huxley has 
so graphically said, “a Sisyphean proc- 
ess, in the course of which the living 
and growing plant passes from the rela- 
tive simplicity and latent potentiality 
of the seed to the full epiphany of a 
highly differentiated type, thence to 
fall back to simplimty and potentiality 
again.” 

Animal life became differentiated from 
vegetable life, and between these two 
forms was intercallated the interrelated, 
useful and even indispensable group of 
bacteria. With this triad of living types, 
there was instituted that marvelous 
chemical mechanism, the nitrogen cycle. 
Plants developed the unique and potent 
substance chlorophyll, by which they use 
the sun’s rays to build up very complex 
chemical comxMunds from such simple 
substances as the nitrates, carbemates and 
water of the soil. In plants, protein, a 


omnplex substance whidi contains nilne- 
gen and is essential to animal Ufe^ |wt 
which animals are incapable tA biiiUlM( 
up from its elements, became abmuSait. 
This made possible the origin, oontiln- 
snoe and further evolution of animal 
life. Animals transform plant protalBB 
into the more complex ahimal protebm 
But animals reach their threescore yean 
and ten or its racial equivalent and cQa. 
Bacteria then decompose the oomplsK 
animal protein, breaking them down into 
simple nitrates, carbonates and water to 
be used again by plants. The nitrogiia 
cycle thus became an essential of all fur- 
ther progress. 

Other attainments of animal life that 
have been fundamental factors in this 
progress are the acquisition of a body, 
with its component organs, among which 
the labor of maintaining the various 
functions of living matter has been djm 
tributed ; bilateral symmetry of bod^. 
conducing to greater freedom and iM** 
ter coordination of movements; and fhT 
development of a backbone making pos- 
sible the upright posture, and freeing 
the fore-limbs for uses other than loco- 
motion. A distinguidied paleontologist 
has described as “the earth’s most dra- 
matic moment” that day when the first 
animal crawled out of the Paleozoic oone 
and, by means of a workable mechanism 
for guaranteeing its oxygen supply, soe- 
ceeded in maintaining itself on dry land. 

Some of the back-boned animals de- 
veloped a mechanism for regulating body 
temperature. The temperature of the 
so-called cold-blooded animals is always 
approximately that of the medium in 
wliich they live and therefore varies with 
the season and even from day to»day. 
The acquisition of a means of maintain- 
ing a constant body temperature avoided 
the necessity of an animal’s being one 
day alert and active and the next slugT 
gish and inert This introduced a possi- 
bility of progress of inealeulable impor- 
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tiOiN. Upon it depends man’s freedom 
i(Dm slaTery to changes in the weather, 
seqnenee of the seasons and the vari- 
•Hons of climate. 

The differentiation of the sexes led to 
tile liberation and education of the emo- 
tions; so that men came to love and to 
Itete, to pity and to curse, to feel shame 
and to express anger, to seek pleasure 
and to find pain. Animals developed 
eyes to see and ears to hear and oilier 
special senses by which the slowly evolv- 
ing personality within learned the beauty 
and the ugliness, the sweetness and the 
bitterness of its environment. 

But the greatest biologic achievement 
in the possibilities it entailed was the 
acquisition of a central nervous system. 
This slowly evolved through an ascend- 
ing scale, the climax of which has been 
reached in man with his relatively huge 
brain incased in a protecting skull, and 
a long spinal cord inclosed in a protect- 
ing spinal column. The cortex of man ’s 
brain, if spread out, would cover not 
more than two square feet, and is said to 
contain 9,200,000,000 nerve cells, which, 
if got together, would weigh less than 
half an ounce. And yet this thin layer 
of gray matter is "the material theater 
of man’s intellectual life." 

The appearance of life upon the earth ; 
the acquisition of a body, especially one 
with bilateral symmetry; the interven- 
tion of death as a biologic necessity ; the 
institution of the nitrogen cycle; the 
achievement of a mechanism for main- 
taining a constant body temperature ; the 
differentiation of the sexes ; the develop- 
ment of the special senses ; the evolution 
of a central nervous system — these are 
smne of the foundations of biologic 
progress. 

The outstanding feature in all this is 
an increasing complexity of structure 
and function that i^ves to the living or- 
ganism an increasing capacity for deal- 
ing udth its environment. The most im- 


portant of all these elements of biologic 
progress is the acquisition of a central 
nervous system, the integrating mecha- 
nism by which all the different organs 
and functions of the body are organized 
into a homogenous system with unified 
control. This system, with its increasing 
intricacy of structure, is the basis of be- 
havior. In the ascending scale of animal 
life, behavior becomes more and more 
complicated, acquires more and more the 
attributes of intelligence and connotes 
an expanding mastery of environment 
With the advent of life upon the earth, 
the evolution of the multitudinous spe- 
cies of animals and plants began. With 
the development of the human mind, 
history, which deals with societies of 
rational beings, originated. As Thomp- 
son remarks, "The great difference be- 
tween human and animal evolution be- 
comes plain when we observe that man is 
aware of his own evolution and seeks to 
direct it according to his own ideals." 

The evolution of any species is the re- 
sult of the interaction of a static factor, 
heredity and two dynamic factors, varia- 
tion and selection. There has come down 
through time a stream of germ-plasm in 
and through which heredity has oper- 
ated. It (heredity) is the inertia tiiat 
tends to prevent c^nge ; it is that which 
causes living beings to reproduce their 
kind. But in spite of the stabilizing in- 
fluence of here^ty, variations have oc- 
curred, giving rise to new species. Va- 
riations are of two kinds: those which 
take origin in the germ-plasm, subh as 
the color of the skin and the shape of the 
foot, and are therefore deep-rooted and 
fundamental, and are reproduced in suc- 
ceeding generations; and those which are 
due to acquired changes in the body or 
modificatiouB of its activities withdut 
corresponding alterations in the germ- 
plasm, such as smooth-shaven faces, the 
performance of certain religious rites, 
and are therefore not inherited by the 
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offspring. The former are the foonda- 
tion of the devriopment of new q>ecie8; 
the latter are important factors in the 
evolution of human society, being trans- 
mitted from generation to generation 
through the force of individual habit 
and social custom. 

Man, as a species of living organism, 
with his mechanically efScient body and 
his highly developed and integrated cen- 
tral nervous sj^tem and all that they 
connote, represents unquestioned biologic 
progress. This is the result of a long 
series of primary changes based upon 
fundamental alterations in the pro- 
digiously long stream of germ-plasm 
extending back at least to the origin of 
vertebrate types. Man’s physical form 
appears to have become stabilized, so that 
further anatomical changes seem un- 
likely. The future progress of mankind 
must, therefore, be the result of societal 
as distinguished from biologic evolution. 
Social metamorphosis has resulted and 
will continue to result from the action of 
forces quite different from those which 
instituted and perfected man’s present 
physical form. Human anatomy is de- 
pendent upon the fundamental and not 
readily changed qualities of human 
germ-plasm. Social organization is based 
upon a great body of tradition trans- 
mitted at first orally and later by more 
accurate and permanent written and 
printed records. Man can not by taking 
thought add one cubit to his statute be- 
cause that is effectively guarded by the 
laws of heredity and of economy of 
growth. But he can, by taking sufficient 
thought and by the exercise of an ade- 
quate force of individual and coUective 
will, modify his social system to meet the 
demands of gradually changing con- 
ditions. 

The evidence of biologic progress is 
abundant and convincing, if we consider 
as progress that series of changes which 
have enabled animals to live a freer ex- 


istence, to liberate themselves gradiudlBr 
but steadily from the bondage of their 
environment, to receive stimuli tfaroujll 
an increasing number of sense orgaai|» 
and to integrate and interpret these sen- 
sations through an increasingly oomplog 
central nervous system; in other word% 
to live a life richer in content and mow 
exuberant in expression. But what of 
social progress f Has anything happened 
to man as a social unit in an organized 
society that is at all comparable to what 
has occurred to him as a biologic unit in 
the animal kingdom f 

The first requisite of human progress 
as distinguished from biologic progress 
was the formation of associations of hu- 
man beings or social groups. Blood rela- 
tionship was perhaps the first bond of 
such organization. As the family grew 
into the clan and the clan into the tribe, 
a further sanction became necessary. 
For this purpose, it was essential to have 
a law which man must respect and an 
administrator of that law to whom men 
could pay deference. In order to fix and 
confirm an inherited, loose social organi- 
zation, not equality before the law was 
needed, but obedience to the law. 

War and religion established this obe- 
dience. War fostered the rapid repro- 
duction of the race and implicit obedi- 
ence to the accepted law. Religion 
furnished a- supernatural sanction to 
social organization. Primitive religions, 
with their Phoenician Molochs and Aztec 
Hnitzilopochlis, were incredibly cmd. 
They put up(ni the fixed law of the tribe 
a sanction so terrible that none dared 
ignore it. The punishments for non- 
conformity and infractions of the ac- 
cepted ritual were most drastic and ap- 
palling in their severity. The individual 
who failed to show proper respect for 
any of the gods not only endangered his 
own life, but jeopardized the lives of his 
fellows. War and religion thoroughly 
cemented the^'eake of custom,'’ and thus 
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IlHtrodaced solidarity into the social or- 
ginuation. But while rigidity of social 
riiractare has had its uses, it is only those 
aations which have broken through this 
‘*cake of custom” that have become pro- 
gressive in the modern sense. This 
emancipation has occurred only in west- 
ern nations, and in the last two hundred 
to three hundred years. 

Under the conditions of modern civili- 
sation man has been compelled to take 
steps to annul the law of natural selec- 
tion. It has been the only means by 
which the race could survive and still re- 
tain the vast social heritage that has 
been accumulating at a progressively in- 
creasing rate for generations. Upsetting 
any biologic process is a dangerous expe- 
dient. Nature thwarted exacts drastic 
penalties. The way of modern nations is 
beset with dangers, some of which are as 
old as social organizations, others dis- 
tinctly new. The increasing complexity 
of group relationships has given rise to 
problems that demand the greatest in- 
tellectual capacity for their solution. 
Heredity is the only known biologic force 
capable of furnishing this social neces- 
sity of good brains. And yet modem 
society is wasting its supply of this irre- 
placeable material. Bewrvoirs of fresh 
germ-plasm, in the form of huge primi- 
tive populations with which to rejuve- 
nate a decadent end declining race, do 
not exist in any abundance. 

The mixture of totally unrelated hu- 
man stocks almost invariably yields an 
inferior product. Miscegenation would 
be a cure worse than the disease. The 
"true-born Englishman” is, on the 
whole, a very desirable blend in spite of 
the bizarre, but still racially related ele- 
ments of which, according to De Poe, he 
is composed. 

These are the heroes that despise the Dutch, 
And raU at new-eone foreigners so mnoh; 
Torgetting that tbemaelves are all derived 
From the most scoundrel race that ever lived; 


A horrid crowd of rambling thieves and drones 
Who ransacked kingdoms and dispeopled towns; 
The Piet, and painted Briton, treaeh ’rous Scot, 
By hunger, theft and rapine hither brought; 

Norwegian pirates, buccaneering Danes, 

Whose red-haired progeny everywhere remains; 
Who, joined with Norman French, compound 
the breed 

From whence your "true-born Englishmen" 
proceed. 

Whatever else this “compounding of 
the breed” brought into England and 
thence to America, it did furnish a mass 
of excellent germ-plasm, a solid basis for 
a heredity with a high potential for 
social and intellectual capacity. That 
the beat of this will ultimately be drained 
off and irrevocably lost as a result of 
the present differential birth-rate among 
the different social groups, leaving only 
the “scoundrel-race” portion, appears 
to be a reasonable certainty, unless man- 
kind as an organized society takes some 
steps to prevent it. The human race 
may yet become “a penniless lass wi’ a 
lang pedigree.” 

That artificial selection in the form of 
eugenics is the proper solution of the 
problem we have no absolute assurance, 
because there is no known standard by 
which to determine what heritable char- 
acters are best fitted for guaranteeing 
modem social progress. Perhaps any 
form of eugenics would be no worse than 
the present confused mixture of breeds 
and even of races. The criteria for fit- 
ness for survival are not the same xmder 
modem and under primitive conditions. 
Now that the human hand has been ad- 
vanced from the lowly position of laborer 
to the more dignified status of superin- 
tendent of a tool, mere bmte power and 
muscular strength are not so essential to 
survival as in earlier times. 

Instead of being a slave to nature, 
modem man has discovered her secrets 
and has learned to make her power serve 
his individual and collective ends. Great 
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social and political development always 
requires a commensurate supply of pro- 
ductive energy. The only soozees of 
such energy known to the ancient world 
were slaves and, to a less extent, domes- 
tic animals. They had no artificial forces 
to apply to production and transporta- 
tion, and the only natural force effec- 
tively harnessed by them was that of the 
wind as applied to marine transporta- 
tion. Their chief if not their sole means 
of meeting the demands of political and 
social expansion was by the extension of 
the system of slavery. Modem man, 
under similar conditions, increases the 
number and varieties of his machines. 

By the development of language and 
by the invention of writing and printing, 
man has accumulated his present enor- 
mous and ever-increasing social and in- 
tellectual heritage. It is now possible for 
one generation to leam from the suc- 
cesses, failures and mistakes of previous 
generations. This lends interest, if it 
does not always add profit, to life and 
the mere process of living. 

Man’s discovery of means of emanci- 
pating himself from the tyranny of cli- 
mate; his acquired ability to use the 
forces and resources of nature for his 
own purposes ; his development of forms 
of social organization and of government 
that sanctions and encourages the un- 
folding of the latent potentialities of the 
individual members of society ; his trans- 
formation of religion from a crushing 
social force based upon terror of the 
supernatural into a peraonal belief that 
does not insult his slowly developed 
power of reason — all these indicate ^at 
man has made social progress since he 
acquired a mind, as great, in its way, as 
the less readily disputed biologic prog- 
ress of which man himself forms the 
capstone. 

But is this alleged progress real or 
imaginary t Is it permanent or ephem- 
eral f Pessimists insist that the idea of 


progress is an illusion, a tantaliii^ 
mirage on the desert of human fiTiiitfin<i|ii 
They assert that modem civilisation wUl 
follow that of Babylonia, Egypt, Qre^ 
and other ancient peoples into a thoi<- 
oughly deserved oblivion. The achieve- 
ment of civilization has been a Sisyphean 
task For the pessimist it will never be 
otherwise. Cogent reasons can be ad- 
vanced for hoping that he is right. The 
uncertainty of constant striving is more 
enticing than the monotony of acquired 
perfection. It is useless to dispute this 
assertion of pessimism because neither 
side of the question is capable of such 
proof that the talismanic letters ’’Q. E. 
D.” can be written after it. 

Certain observations, however, are per- 
tinent. In ancient times, nations rose to 
greatness by conquering and subjugating 
others. A civilization of great brilliance 
largely disappeared when the people 
which gave it origin became the op- 
pressed subjects of a militarily stronger 
nation. As a result, great nations and 
their great civilizations were, in ancient 
times, generally solitary and segregated, 
and not contemporary or coexistent. 
'*Fuit Ilium” b^ame the epitaph of 
every conquered nation and its intrinsic 
civilization. Its fading inscriptions 
quickly became a sort of ” gilded halo 
hovering round decay.” At present, 
there are at least six great nations, or 
groups of related nations, each with its 
characteristic' type of western civiliza- 
tion. Man long ago ceased to function 
effectively as an individual unit and be- 
came merged in the greater and more 
powerful and efficient group. This trans- 
formation of man from a troglodyte to a 
gregarious creature may have been an 
important factor in his survival as a spe- 
cies. It was certainly the basis of his 
developing what we call civilization and 
of his acquisition of the enonnous heri- 
tage of social customs and intellectual 
capital that is handed on from genera^ 



PBOGBESS 


543 


to generatiozL Intemationaliam in 
Mmo form may, indeed has already, be- 
enme to the separate nation what society 
long ainoe became for the indlTidual man. 
It is not, therefore, a foregone conclusion 
that western civilization will follow its 
pzedeeesBors into the great maw of time 
and cease to be. 

The outstanding feature of the past 
century has been the whirlwind progress 
of science. This has induced greater 
changes in any decade of this period 
than had occurred in any one or more 
millennia of past history. Change al- 
ways requires adjustment. It is not the 
extent, but the rate of change that deter- 
mines whether suitable adaptations can 
be instituted. This applies to social or- 
ganizations as well as to individuals. 
Henry Adams found it necessary to re- 
educate himself three times in order to 
harmonize with his environment, com- 
pletely altered by the general application 
of scientific discoveries and inventions. 
The public mind is still so polarized that 
its lines of force run in much the same 
direction as in prescientific days. Indi- 
vidual habits are difficult to change. But 
social customs, which are the habits of 
organized society, require generations 
for alteration. Human nature, made up 
of social customs and individual habits 
almost hopelessly enmeshed and entan- 
gled with the long thread of human 
heredity, has perhaps not been materi- 
ally changed since the last glacial epoch. 
At best, civilization is little more than a 
made with which to cover the ugly face 
of the savage inner man. 

And yet man, composed as he is of a 
mixture of miscellaneous pasdons and in- 
stincts inherited from prehistoric and 
posdbly from prehuman ancestry, has 
leained from science to build for himself 
mechanical devices wherewith to multi- 
ply his powers a thousand-fold. Much 
of his effort in this direction has been 
turned to the Tn ahing of implem^ts of 


destruction beside which Jove's thunder- 
bolts were mere toys. The prospect of 
this partially tamed savage miming 
amuck in the full panoply of civiliza- 
tion” is frightful to contemplate. This 
Tubal Cain whom we call civilized man 
is a skilled "artificer in brass and iron,” 
but he still "speaks as a child, under- 
stands as a chiH thinks as a child.” He 
acquired the knowledge with which to 
fashion for himself the powerful and 
dangerous instmments of modem science 
before he developed the judgment and 
wisdom to use them wholly for his own 
good. He has learned to outrun the 
horse and to outfly the eagle, but in the 
solution of the new problems these 
strange powers have brought, he pro- 
gresses at the speed of the sluggish tor- 
toise. He sends his thoughts around the 
world with the speed of light, while his 
thinking is still attuned to that of his 
forefathers, who were accustomed to 
learn of battles fought and won weeks 
after treaties of peace had been signed. 
He has invented machines by which he 
can, in a day, destroy a whole city, with- 
out attempting to curb those inherited 
instincts and acquired emotions that de- 
mand their employment. The astrono- 
mers have taught him that the great blue 
vault above him is not the under surface 
of the floor of heaven upon which rests 
the throne of an omnipotent Ood await- 
ing the opportunity to cast him into a 
burning hell whose chimneys are the 
earth’s belching volcanoes. He is com- 
ing to believe that he lives in a universe 
devoid of both a physical heaven and a 
physical hell, without formulating for 
hii^elf a sanction for his conduct to re- 
place that of postmortem rewards and 
punuhments formulated for him by his 
spiritual advisers. He enjoys the lux- 
urious ease and physical comforts of 
modem civilization but is unwilling to 
exert his mind sufficiently to discover 
the means of averting the dangers which 
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cession may be happy, but they will 
never make social progress. 

The population of the world, increas- 
ing at a prodigious rate since the begin- 
ning of the industrial revolution, has not 
yet reached such magnitude that it can 
not be fairly easily supported by the 
modern methods of agriculture and 
transportation. The present number of 
people could not, however, be sustained 
by the methods of agriculture and the 
means of transportation of a century 
ago. Modern civilization is built largely 
upon a foundation of coal and iron. It 
can continue to exist only as long a.s its 
foundation endures or suitable substi- 
tutes found for the elements that com- 
pose it. The extinct civilizations of the 
jiast at lea.st left man’s natural resources 
intact. But tlie bacclianaliaji fervor 
with which the human race in its pre.sent 
state of obfuscated and pot-valiaiit civili- 
zation is now expending the earth’s irre- 
placeable mineral wealth impels one to 
wonder what is to follow this period of 
debauch when the supply of inebriating 
drink has been exhausted. 

All these gloomy observation.s lead to 
certain more fundamental considerations 
of this modern phenomenon called prog- 
ress. Man has accomplished and gained 
much since he acquired a mind as a re- 
sult of those biologic processes of varia- 
tion and natural selection by which he 
developed his complex brain. Is he, like 
a drunken gambler with fate, to lose it 
all? He certainly holds the key to his 
own future. In the past he has ad- 
vanced ; he has improved himself ; he has 
acquired a material and intellectual 
heritage that might well excite the envy 
of the dwellers on Olympus; he has 
formulated for himself and successfully 
executed designs on the trestle-board of 
life so ambitious that former generations 
Would have considered them impossible 
of accomplishment except by super- 
human aid. The universal wish for 


superhuman strength that was father to 
the thoughts which created Atlas, Her- 
cules and other mythical giants of an- 
tiquity, modern man has realized by bis 
invention of machines. The major part 
of these achievements has been consum- 
mated since be conceived the idea of 
progress. 

Since its conception, the content of 
the idea has varied with the changes 
in the intellectual medium which it has 
bourgeoned. The earlier thinkers on 
this subject, Bacon, Descartes and others, 
considered only progress in knowledge; 
Hegel and Comte added a spiritual com- 
ponent; modern science has given it a 
materialistic element. Social and intel- 
lectual characteristics of the different 
periods have paralleled the variations in 
eontent of the idea of progress. In 
the first period. Swift and Pope wrote 
biting unemotional satire ; in the second, 
Victorian authors catered to prudery ; 
in the third has come the literature of 
crude realism and a crude disillusion- 
ment. In the earlier periods, the fact of 
jirogross was widely accepted as estab- 
lished truth. At the present time its 
existence is seriously questioned even by 
those who admit its value as a stimu- 
lating idea. 

Before this idea could become dy- 
namic, man had to rid himself of the 
illusions of finality and perfectibility. 
All the Utopias have been peopled by 
beings who possessed those qualities 
which, in the conception of the author, 
constituted a perfect man. The ideal of 
Utopian progress is the achievement of a 
state of perfection. But progress con- 
sidered as the attainment of a fixed 
stable good, as the performance of a 
definite sum which lessens by that much 
the total eflfort required to reach the 
ultimate goal, is an illusion. 

Mankind, until this modern age, has 
been obsessed by the idea of finality. 
His place and fate were unalterably fix^ 
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and no effort on hife part could change 
them. He must not inquire too curi- 
ously into the forbidden secrets of the 
gods, nor attempt too persistently feats 
reserved only for the gods. The stories 
of the Garden of Eden, of Prometheus, 
of Icarus, indicate the attitude of appre- 
hension assumed by the ancients toward - 
the conquest of nature. Their gods were 
both jedous and prudent, for man has 
always been audacious. 

Man iinds no feat too hard or high; 

Heaven is not safe from man ’s desire. 

Our rash designs move Jove to ire, 

He dares not lay his thunder by, 

said Horace. But modern man no longer 
fears the gods. He is not^ frightened by 
Jove's thunder and would laugh at the 
petty shafts with which Apollo slew the 
children of poor Niobe. To the ancients 
there was a fixed order in the universe. 
Human progress to them would mean 
the breaking down of the limits with 
which man had been encompassed, and 
therefore unthinkably audacious and 
perilous. Modem man thinks of a fixed 
order in the universe as an expression 
of the immutability of the latvs of na- 
ture. Within the limits of IhOse laws 
he has assumed the right to use the 
forces and materials of nature in any 
way and to any extent he chooses in the 
furtherance of his own preconceived 
plans. He therefore presumes to violate 
the tree of knowledge and the sacred 
reaches of the upper air with impunity. 

Human progress, as distinguished 
from biologic progress, has been de- 
fined as the development and economy 
of forces — force being anything that 
does or helps to do work. Such prog- 
ress could only be achieved by rational 
beings. And yet relatively little of 
man's advancement has been the product 
of planned, intelligent guidance. Never- 
theless, man has progre.ssed ; even tboiigh 
his progress has been extrinsic, that is, 
due to artificial change.s in his environ- 


ment including the increased store of 
transmitted experience, rather than in- 
trinsic and due to changes in the nature 
of man himself. Perhaps, therefore. 
Professor Dewey is right when he insists 
that ' * till men give up the search for a 
general formula of progress they will 
not know where to look to find it." 

It is useless to attempt to formulate 
an ideal of the future progress of the 
race. There are too many contingencies 
which can not be forecast. Man, as 
a race, has been and is resourceful. 
He has had curiosity, eagerness, love 
of action, endurance, hope, simply be- 
cause these qualities are a part of his 
make-up, not because of his taking 
thought of them. The story of his past, 
read as a mere story, and his present 
propensities viewed too critically, are 
not especially promising. "History has 
been defined as a process of rebarbari- 
zation." Man has repeatedly lapsed 
into barbarism or something akin to 
barbarism. But somehow, each time this 
has happened, his innate hope and eager 
curiosity and love of action have stimu- 
lated him to rise to something better. 
This rehabilitation has not been inspired 
by an ideal of some unattainable infinite 
goal of good. It has been accomplished 
by the study of the needs and possibili- 
ties of the actual situation and by actions 
suited to those possibilities and needs. 

The foundation of human progress is, 
and perhaps will always be, the nature 
of man himself, and this has apparently 
remained unchanged for at least many 
thousands of years. The material basis 
of that nature is in his complex brain 
which is the material theater of his ver- 
satile and active mind. With the ap- 
parent evolutional stabilization of the 
structure and functions of man's body, 
which determines and ftindamentally in* 
fiuences his spiritual and intellectual 
activity, it does not appear likely that 
human nature will, in the future, un- 
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der^o any very deep-seated intrinsic 
chang^e. 

No attempt is made, therefore, to 
formulate any ideal of progress or to 
picture another Utopia. Progress, bio- 
logical, social and perhaps spiritual, has 
been achieved. Further advance will be 
the result of the same factors which have 
been responsible for it in the past. 
Those factors are inherent in the nature 
of man himself. Such progress need not 
be uninterrupted and will not bring free- 
dom from cares and worries and fears, 
for it will not mean the attainment of 
perfection. It may never mean happi- 
ness for the same reason. But it will 
afford the pleasure that goes with accom- 
plishment and the elation that accom- 
panies the stimulus of an unattainable 
goal. 

The mental reaction to such a view^ 
will depend upon the individual attitude 
toward the possibilities of human kind. 
It will not satisfy one addicted to pes- 


simism, for his thought of the future of 
the race is that of 

A Rob, a sUence, and a gasping spark ; 

A word that, spoken, cannot be unsaid; 

A doom that, uttered, leaves the whole world 
dead; 

Ashes and smoke, and then the final dark. 

Nor will it accord with the too buoyant 
and uncritical faith of the Pollyannas 
and Pippas, who hopefully reply to the 
jeremiads of pessimism. 

O, yet we hope that somehow good 
Wiii be the final goal of ill; 

To pangs of nature, sins of will, 

Defects of doubt and taints of blood. 

This conception of progress places the 
responsibility for the future upon man 
himself, and yet furnishes a rational 
basis of hope for the future of the race. 
It supplies the stimulus of definitely 
fixing responsibility for that future. 
Man has been given his opportunity. 
Justly, he can ask no more. 



THE FUTURE BALANCE OF LIFE' 


Bjr AUSTIN H. CLARK 

SMITHSONIAN INSTITUTION 


What is to be the future balance of 
tho animal life upon the earth? Will 
man remain supreme, continuing to hold 
his own against his numerous competi- 
tors, or will the Age of Man give place 
to another age in which the human race 
shall play a minor role or perhaps 
wholly disappear? 

In Mesozoic times the reptiles were 
the dominant living creatures of the 
earth, but their supremacy came to an 
abrupt end with the end of the Creta- 
ceous. Wliy this occurred we do not 
know. 

The Age of Reptiles was succeeded by 
an Age of Mammals, which culminated 
in the Pleistocene. 

With the disappearance of the great 
hoofed animals, especially the grazing 
kinds like the wild cattle, the wild horses 
and the bison, extensive cultivation of 
the soil was possible, and man increased 
in numbers and in influence until now 
he reigns supreme. 

The disappearance of the great 
herbivorous mammals was possibly 
partly due to man himself through his 
increa.sing skill in {be manufacture and 
the use of weapons. Bijt probably it was 
mostly due to causes still unknown, for 
in North America there is no evidence 
that man played any appreciable part in 
tho extemination of the very numerous 
horses, the elephants, the mastodons, the 
various kinds of camels or the ground 
sloths. 

What are the conditions at the present 
lime? The world to-day is dominated 

I The illufitTations are through the courtesy 
of the Bureau of Entomology, Department of 
Agriculture. 


by four different types of life which are 
distinguished from all other types of life 
by having certain characters in common. 
These common characters arc (1) inde- 
pendence of the temperature and the 
humidity of their environment, and (2) 
exceptional ability to travel. 

First, we have man. Man in his bod- 
ily structure is a mammal. But, except- 
ing anatomically, it is not possible to 
consider man in tho same light as the 
other mammals, even the more or less 
man-like apes. Man’s use of clothing 
and of fire render him independent of 
the temperature of the locality in which 
he lives, while his use of beasts of bur- 
den and of tools give him a power and a 
radius of action quite unique. 

Second, we have tho mammals, for- 
merly predominant but now scarcely a 
serious factor except for those few, like 
rats and mice and the domesticated ani- 
mals, that live as man’s associates. 
Mammals, excepting for a very few that 
live within the tropics, have an outer 
coat of hair or a covering of fat which 
insulates tiiem from the changes in the 
temperature of the air or water. Their 
body temperature is high and is main- 
tained at a constant level, c-xcept in the 
hibernating types like some bears and 
mice and squirrels which become torpid 
in cold weather, and in the egg-laying 
types. Mammals are all large, and some 
are very large. They are all active, and 
all show great ability to travel. 

Third, we have the birds, now, like the 
mammals, much less numerous than they 
used to be. All birds have feathers 
which, like the hair of mammals and the 
clothes of man, serve to hold an insulat* 
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FLG. 1. DAMAGE DONE BY WHITE ANTS OH TERMITES TO A SHOE 

BTORKf) ON INrKWTED WOODWORK IN A DUILDINO ON FlPTH AVKNUE, NRW YORK 


ing: layer of air between tlieir heated peiij^uins and the flijfhtless auks have 
bodies and the air throiip:h wliieli they their wing^H modified into effective fins 
move. The body temperatures of birds by means of which they swim. The 
are high, and like those of mammals are fli|?hllefts cormorants, like the other cor- 
maintaincf] at a constant level. There morants, swim almost wholly with their 
are no birds that hibernate as some mam- feet, as did the flijfhtless water bircks' of 
inals do. The power of flifyht gives birds the Cretaceous seas. The flightless land 
(and -bats) a very great advantage in birds, whether rails, pigeons, kiwis or 
getting fromi i)laee to place. But this ostrich-like types, have powerful legs 
advantage is offset by the necessary and small and useless wings, 
lightness of tlieir structure as a whole Fourth, we have the insects. The 
and the uselessness, except for flight, of body temperature of insects is not ap- 
the first pair of limbs. The flightless preciably different from that of their 
birds are of three different types. The surroundings. But insects can adapt 



FIG. 2. TYFIOAL termite INJURY TO LEAD SHEATHED CABLE 
THIS TVfTC or DBSTRUOnON OOOUBS TH^OUOttOUT THE WAaUF4l EBGION8 OF THE WOKnD, 
INCLUOINQ THE fiOtTTHlCaN UNITED STATES. 
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FIG, 3. PAPER DESTROYED BY TERMITES 

THIS PAPER WAS STORED IK AN INFESTBa) BUILDINO IN BALTIMORE, MD. 


themselves to changing temperatures 
quite as well as mammals or as birds, 
though in a different way. They simply 
become inert and torpid, some if it gets 
too hot, others if it^ gets too cold, and 
not a few at both extremes. Nearly all 
of them are when adult/s, and mostly all 
their lives, protected from a loss of 
moisture by a tough impervious cover- 
ing. Most insects when adult can fly, 
and many can cover enormous distances. 
The insects are all small, but this very 
fact gives them a great advantage not 
possessed by the mammals, birds or man, 
I am informed by Mr. Ren6 Bache that 
an average man is the equivalent in 
weight of 3,760,000 house-flies. This 
means that the ability of the common 
house-fly to survive under adverse con- 


ditions is 3,760,000 times as great as 
that of man. 

This leads to interesting speculation 
as to what is to be the future of the 
world. 

The mammals have ceased to dominate 
the earth. The large formidable vege- 
tarian typesj as has been explained, 
have given way to man. There seems to 
be no chance of their return. 

Birds, though efficient in their way, 
were never serious competitors of the 
reptiles, or the mammals, or of man. 
Birds have persisted through their 
ability to escape from danger, not to 
overcome it, or to dominate the other 
creatures that live with them. 

This leaves the insects as the chief 
competitors of man. In many ways 
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their activities run quite parallel to his. 
Strange aa it may seem, the activities of 
the insects are more like those of man 
than the activities of either are like those 
of birds and mammals. 

Some insects keep others as domestic 
animals, and in a few eases the latter 
would have disappeared but for tlie care 
taken of them by their masters. Thus 
the ants carefully care for and protect 
^’a^ious kinds of aphids, jassids and 
membracids, as well as the caterpillars 
of certain lycccnid butterflies for the 
sake of the lioney-like secretions they 
produce. Their relation to these various 
insects is much like ours to cows. 
Usually the ants merely attend these as 
they feed upon the plants, but sometimes 
they build elaborate structures over 
them, like stables. Some of the aphids 
they carry to safety under ground in 
winter, and some of the caterpillars they 
herd ill their own nests in the daytime, 
driving them out at night to feed and 
liorne again at dawn, treating them 
therefore much as we do cows. Indeed, 


certain ants of southern Asia and of 
Africa force some kinds of caterpillars 
to make the transformation into pup® 
within their own nests deep under- 
ground, thus carefully protecting them 
from the time tlicy leave the egg until 
they become butterflies and fly away. 

Some insects have learned the utse of 
tools, like the spinning ants, which use 
their own grubs in much the same way 
that we do thread and needle, and those 
caterpillar wasps that use a little pebble 
or a stick to smooth the cartli down over 
a buried caterpillar. 

A few insects use narcotics to render 
their victims helpless much in tlie same 
manner as do certain individuals of our 
own kind. For instance, there is a curi- 
ous bug in Java which feeds on ants. 
When an ant approaches it rises up, 
exposing some long hairs on the under 
side which are wet with a secretion from 
some special glands. The ant greedily 
licks off this substance, which, however, 
is intoxicating. When the ant has had 
enough to make it "‘groggy" the bug 



riG. 4. A TIMBER DESTROYED BY TERMITES 

FROM A BUKiDlNG IN TUK BOUTHERN UNITED STATES. 
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PIG. 5. THREE EARS OF FLINT CORN ATTACHED BY 
. THE EUROPEAN COBN-BOBERit 


with its sharp beak stabs it suddenly 
through the neck and sucks its juices 
out. 

Many ants practice an elaborate form 
of agriculture, growing certain types of 
fungi with as much skill as we show in 
growing our own crops. 

The paper and the other kinds of nests 
of wasps, and the wax, mud and other 
cells of wasps and bees show an ability 
to use a wide range of materials, some 
of which are not found in nature but 
are produced by them themselves by 


chemical alteration of substances they 
gather. 

The pitfalls of ant-lions and the snares 
of the grubs of fungus-gnats and spiders 
are most extraordinary structures. The 
spiders^ espeeially in the construction of 
their numerous types of webs, of their 
varied types of burrows, sometimes with 
a strong hinged lid, and of their turrets, 
as well as in their flight, show an engi- 
neering knowledge which in its way is 
quite exhaustive. 

In two entirely different groups of in- 
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sects, the neuropteroid termites and the 
hymenoi)terou8 ants, bees and wasps, 
there are found most complicated social 
systems, superficially much like, though 
fundamentally wholly different from the 
human. 

Very many insects of a multitude of 
different kinds have learned to clothe 
themselves. Large numbers, as for in- 
stance caddis worms and clothes moths, 
do this for protection in their larval 
stages. But many more when entering 
the pupal stage spin a cocoon of silk or 
of a felt of silk and hair or of a mixture 
of silk and other substances which is 
sometimes waterproofed to guard against 
the loss of moisture. 

Many insc^cts, among the solitary as 
well as among the social kinds, have a 
very definite conception of private prop- 
erty and their rights thereto. 

(3ne commonly hears it said that 
among the insects all these attributes 


are matters of instinct, which is quite 
inflexible, and not of reason, and there- 
fore that an insect can not change its 
habits. But this is not quite true. Many 
insects have the ability to change both 
form and habits if faced with new con- 
ditions. 

Among the birds we find only the 
bowers of the bower-birds, ornamented 
nests of various sorts, the communal 
nests of certain weaviu'-birds and par- 
rots, the complicated nests of other 
weaver-birds and ‘‘hang-nests,'’ the glu- 
tinous nests of certain swifts, and a few 
other types of nests to offset the multi- 
tudes of far more elaborate structures 
built by the insects. Among the mam- 
mals we find little of a comparable 
nature, and what there is is almost en- 
tirely confined to rodents, such as the 
beaver, musk-rat, trader-rat, etc. 

In the distant prehistoric past man 
made use of various mammals w^hich he 



FIG. 6. ORCHABD TREElS WHICH HAVE BEEN KILLED BY THE S-AN JOBE SCALE. 
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FIG. 7. THE COTTON BOLL 

THE DOLL ON THE RIGHT 18 NORMAL; THAT ON THE LETT HA« BEEN ATTACKED BY THE 

WNK BOLL'WORM. 



FIG. 8. A BEAN LEAF 

WHICH HAS BEEN SKBLJTPONIZED BY THE 

Mexican bean beetle. 


domesticated to overcome the others. He 
did this, however, with no definite pur- 
pose and with no definite idea of what 
the result would be. At the present time 
the insects are making similar use of 
man. The recent vast improvement in 
the means of transportation, by steamer, 
train and automobile, is being utilized 
extensively by inflects. By this means 
they get from place to place and from 
one country to another, passing easily 
over barriers hitherto insuperable for 
them. Also the vast improvement in our 
agricultural methods whereby large 
areas are planted with a single crop 
facilitates the increase of destructive 
forms. 

As matters stand to-day, mankind ex- 
ists in his present state by virtue of the 
fact that he has displaced the large 
grass-feeding mammals and thereby is 
enabled to practice agriculture on a 
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colossal scale. But the limit of expan- 
sion on this basis soon will be reached. 

We now are in the midst of the me- 
chanical phase of the Age of Man, and 
we have no serious competitors except 
the insects. By an uncomfortable coinci- 
dence, much that we do to help ourselves 
also helps the insects. 

Not many generations lienee we 
shall have rcHched the saturation point 


along the present lines. Our future 
expansion then will depend on our 
ability to offset the increase in the 
luiman population of the world by 
the displacement of its ecpii valent in 
insficts. 

What will the future bring? Will 
man continue still to hold his own, or 
will the Age of Man be followed by the 
Age of Insects? 



FISHES THAT LIVE IN THE MOUTHS OR GILL 
CAVITIES OF OTHER FISHES^ 

By E. W. GUDGER 

ASSOCIATE IN ICIITJ I YOI.OOY, AMERICAN MUSEUM OF NATURAL HISTORY 


It is a fact Avell known to ichthyolo- 
gists that the hagfishes, Myxine and 
Bdelloiiimtmy and various lamprey eels, 
all members of the class Cyclostomata or 
round-mouthed fishes, have parasitic hab- 
its. Indeed, the American Museum has 
an exhibit, designed and the installation 
supervised by Dr. Bashford Dean, show- 
ing a river lamprey {Lampetra fluvia- 
tills) parasitic on a catfish. Sucking 
fast to its host, this parasite by means 
of the teeth set inside the circular rim 
of its mouth, frets away and eats the 
flesh of its host and drinks its blood. On 
the other hand, the hagfishes or slime 
eels, bore their way into the bodies of 
their hosts, devour the flesh and internal 
organs, often leaving nothing but ‘‘skin 
and bones. 

Still less well known is the fact that 
a little catfish in South America, hear- 
ing the significant name of Stegophilus 
insidiosus (the “insidious cover-lover’^) 
lives in the gill cavities of his huge kins- 
man Platystoma. At fir.st it was thought 
that the little siluroids were the young 
of the big catfish carried in his mouth 
until hatched and able to care for them- 
selves (a very extensive practice among 
these fishes) . Then it was presumed that 
they were messmates of their kinsman, 
living on small organisms drawn into his 
mouth in his respiration. But now they 
are known to be parasites living among 
the gills of their host and rasping with 
their sharp teeth and spines through the 

iGudger, E. W. '"An Odd Place of Refuge: 
The Habit of the Shark Sucker, Eelieneis or 
Rmiora, of taking Bofugo in tho Gill Chamber 
or Mouth Cavity of itB Hoat.*^ N'aiwal 
tory, 1922, 22, pp. 243-249, flg. 


soft tissues of the gills and drinking his 
blood. Other fishes of the same group 
are known to practice the same habits. 

These are cases of true parasitism — 
the fish lives on the flesh and blood of its 
host — w^hile the ca.s;es now to be consid- 
ered are cases of eominensalism, where 
the two fishes feed at the same tabic, or 
of symbiosis, where the two fishes merely 
live together — the weaker for protection 
by the stronger. The most widespread 
but relatively little known case of this 
latter phenomenon, until the publication 
of my recent article in Natural History^ 
is the habit of various members of the 
family EcheneididflP, the sucking fishes, 
of entering the mouths and gill cavities 
of sharks and rays and of large bony 
fishes like the swordfish (Hisiiophorus) y 
the sailfish {Tetrapturm)y the sunfish 
{Mala) and others. This paper aroused 
considerable interest and various ac- 
counts of this habit and several actual 
specimens of the little fishes have since 
come in to me. This is a case of com- 
mens^-lism, where the two fishes live in 
amity — the smaller gaining protection 
and possibly feeding on the scraps let 
fall by its protector. 

Now, however, we have the still more 
remarkable case of bony fishes other than 
Echeneids (sucking fishes) living as 
commensals or symbionts in the mouth 
cavities of other Teleostean fishes. The 
sucking fishes are more or less depen- 
dents, but the fishes now to be consid- 
ered are apparently free-livers. How 
they gather food is not very clear, but 
all the known facts follow. 

The principal account is from- the ob- 
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servations of Dr. Fornando de Buen, 
chief of the section of biology in the 
Instituto Espauol de Oceanografia, 
Madrid. In checking up recently the 
bulletin of the Spanish natural history 
society for titles for our continuation 
classified card catalogue of ichthyologi- 
cal literature, I chanced upon his inter- 
esting illustrated article quoted Ixdow. 
When I wrote Dr. de Buen asking per- 
mission to utilize his data and reproduce 
his figure, he courteously gave permis- 
sion for the use of the one and sent the 
original of the other. His account reads 
as follows:® 

Whilo studying the ClupeidaJ tlmt Professor 
Lozano poseeases in his laboratory at the Ma- 
drid Museum, I had the good fortune to find 
one of them lodging a small Gohnts in the gill 
cavity. The specimen was captured at Melilla 
(Aug., 1912) during the expedition directed by 
ray father in the north of Africa. 

Prom the position in which it was found and 
for other reasons which are given later I can 
not believe that the Gobius caught in the nets 
and mixed with a profusion of JUMa will in- 

^Buen, Fernando de, ^'Sobre la Presenoia y 
Caracterizacidn de un OobiiM de los Mares del 
Norte Oonieiuial Ao una Mosa vulgaris Cuv. 
Val.’’ Boletin Beal Sociodad Espailola His- 
toria Natural. Madrid, 1916, Vol. 16, pp. 146- 
147, fig. 


troduce itself into tlie gill chamber of one of 
these fishes casually. The species identified as 
Gohiua pic-tvs Malm has never been cited off 
the coasts of Hpain nor in Northern Africa, but 
lives in the depths of the Northern European 
seas, and one may Iwlieve with more foundation 
that it was transported to the south during the 
migrations of the Clupeidro. Moreover, tlie 
Gobim presemts very clear phenomena of adap- 
tation; the first and second dorsals have the 
first spine growing on the back and this is pre- 
vented from being raised by a membrane which 
fastens it and runs on the same side outside of 
the median line; this ado.ptation proves to us 
that tho Gobius has been carried for a long 
time in the gill chamber of tho Alosa. On the 
other hand, commensalism between fishes is 
very rare; but I know of an analogous case 
(Van Boneden, 1883) where Risso says that he 
observed at Nice a species of the family Murse- 
nidsEj lodging in the gill cavity of a Lophnus 
pisoatoriv^ L. The Oobms, on account of its 
small size and the power of using the ventral 
fins as a sucker (Gobius pictits has this highly 
developed), pOHsessos qualities very favorable 
to commensal life. 

From the outside of the Alosa nothing ab- 
normal is seen ; the gill flap is perfectly 
adapted and completely hides the fish which it 
covers. Lifting tho flap, the Gobius is seen 
resting on the slioulder girdle; its head is 
placed in the broadest part, and its body ex- 
tends upwards, making place for itself at the 
end of the gills. The l>ody of the Gobius is 
compressed and sloping, a transverse section 
giving approximately a rhomboid figure. 
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Apart from the modifications that we see in 
the dorsal, the other fins adapt themselves to 
the surfaces that surround tJiem. The ventral, 
perfectly extended, appears to l>e adhering to 
the gills of the Alosa. One of the pectorals 
rests on the shoulder girdle and is folded out- 
side; the other pectoral is folded simply that 
it may not come in contact with the gill flap. 
The anal inclined outwards rests on the shoulder 
g^irdle. 

De Buen positively identifies his speci- 
men as Oahius picUis of Smitt’s Scan- 
dinavian Pishes^' (1892). The length of 
the Alosa, the host fish, to the base of 
the caudal fin was 213 mm (about 8.5 
inches) ; of tlie Oohius, 36.5 mm (about 
1.5 inches). 

Sefior de Buen’s citation from Van 
Beneden is correct, since the latter does 
cite Risso. Careful examination of Ris- 
so’s work on the fishes of the gulf of 
Nice® shows Van Beneden in turn to have 
been correct in his citation. On iiage 171 
Risso in speaking of the “baudroies de 
la MMiterranee’’ says: . le sac de 

leurs ouies sert quelquefois de repaire k 

0 Bisso, A,, ^^Hietoire Naturello des Poissons 
do la M^diterran^ qui Fr^quenteut les Cdtos 
des Alpes Maritimos et qui Vi vent dans lo Golfe 
de Nice’’ (In his '^Histoire Naturolle , . . de 
1 ’Europe M^ridiomile,” etc. Paris, 1826, pp. 
171 and 196). 


la apterichte ocul6’’ (^Hhe sac of their 
gills serves sometimes for a haunt or hid- 
ing place for Apterichtus oculatus^^). 
This name is apparently a synonym for 
the MurflBnoid fish Sphagehranchus ocu- 
latus of Risso, but under this latter fish 
Risso does not refer to such a habit. 
However, referring to Sphagebranchus 
himucul-aim, he says (p. 196): ‘‘One 
often encounters it in the cavity of the 
branchial orifice of the great rays.*' 
This in turn apparently refers to the 
giant rays of the genus Cephalopiera 
(Manta), but reference to Risso 's ac- 
count of these rays reveals nothing. 

It is greatly to be regretted that Risso 
does not give us more details concerning 
these interesting habits and adaptations. 
It is not difficult to understand how 
fishes like Echeneis or Oohius, which 
have adhesive disks made of transformed 
fins, by holding fast can avoid being 
K\^^ept into the stomachs of their hosts, 
but how eels can become mouth and gill 
symbionts and avoid that fate is not so 
easy to realize. However, as my old 
teacher, Professor W. K. Brooks, used to 
say, “It is not safe to say that a thing 
does not exist merely because we have 
never seen it.’^ 



THOMAS MOFFETT, ELIZABETHAN PHYSI- 
CIAN AND ENTOMOLOGIST 

By HARRY B. WEISS 

NEW BRUNSWICK, NF.W JERSEY 


While clever, sagacious, vain, kaleido- 
scopic Queen Elizabeth, who wuh alter- 
nately rough, blaspliemous and hard, and 
silly, flattery-loving and ostentatious, 
and whose ‘'endocrine balance'' may 
have been abnormal, as MacLaurin sug- 
gests, was juggling suitors and giving 
England a stable government, there lived 
and flourished ‘'a notable ornament to 
the company of Physicians, a man of the 
more polite and solid learning, and w^ell 
experienced in most Sciences," named 
Thomas Motfett. 

Of Scottish descent, born in 1553, in 
all likelihood in the parish of St. 
Leonards, Shoreditch, Moffett's life 
paralleled the reign of Elizabeth. His 
father, Thoma.s Moffett, was a haber- 
dasher of London, and his mother was 
Alice Ashley, of Kent. 

For his early education Thomas was 
sent to one of the few good schools that 
existed during Elizabethan times, the 
Merchant Taylors' School, of which 
Richard Mulcaster, a notable schoolman, 
was headmaster for twenty-five years. 
Here his studies undoubtedly included 
drawing and music, of which Mulcaster 
was a strong advocate. After five years 
in this school, he matriculated in May, 
1569, as a pensioner of Trinity College, 
Cambridge. He was then sixteen years 
old, and this was about the usual age 
prescribed by the university regulations 
for entering college. Seven years were 
necessary for Hie degree of master of 
arts, and one could then proceed to de- 
grees in theology, medicine and law. 
However, by the payment of money or 


upon suitable approval from the right 
persons, noblemen and influential stu- 
dents frequently got their masters' de- 
grees in less time. 

In October, 1572, he went to Caius 
College, where he graduated B.A. While 
pursuing the classics he also studied 
medicine under Thomas Lorkin and 
John Caius, both physicians of note, and 
hobnobbed with Timothy Bright, Thomas 
Penny and Peter Turner. Timothy 
Bright later became quite distinguished 
as a pliysician, hut is probably remem- 
bered now if at all in connection with 
his invention of modern shorthand, as 
set forth in his work: " Characterie. 
An Arte of shorte, swifte, and secret 
writing by character. Inueiited by 
Timothe Bright. Doctor of Physickc. " 
(London 1588.) Thomas Penny, in ad- 
dition to being a physician, was also a 
botanist and entomologist and assisted 
Conrad Gesner, the Swiss naturalist, 
physician and voluminous writer on 
various subjects, famous for his 
toria Animalium," in which he intended 
to desciribe every known animal. 

Moffett, deciding to graduate M.A., 
from Trinity College in 1576, was ex- 
pelled from Caius by Thomas Legge, the 
master who later, about 1581, was ap- 
parently committed to the fleet because 
of his disdainful treatment of certain 
letters from the queen, relating probably 
to his support of north-country Roman- 
ists in his college. The fellows made this 
a charge against him, supplementing it 
with having expelled Moffett without 
their consent, with having misappropri- 
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ated college funds and with ‘‘continuall 
and expressive loud singinge and noyse 
of organs/' which disturbed the stu- 
dents. All of which charges >^ere 
settled. 

Upon leaving Cambridge, Moffett 
traveled abroad. At Basle he attended 
the lectures of Theodore Zwinger and 
Felix Plater, both physicians, and in 
1578 received the degree of M.D. and 
published two collections of his medical 
theses. The next year he visited Italy 
and Spain, where he studied silkworm 
culture and various insect activities. 
Twenty years later he published some of 
his observations in the form of a poem 
entitled: ^‘The Silkwormes and their 


Flies; Lively described in verse, by T. 
M. a Countric Farmar, and ap Appren- 
tice in Physicke, For the great benefit 
and emdehing of England," (London 
1599). In July, 1580, he was at Nurem- 
berg, and often at Frankfort between 
October, 1580, and the spring of 1582. 
He married in London, at St. Mary Cole 
Church, Jane Wlieeler, by a license 
dated December 23, 1580. In 1582 he 
returned to Cambridge and was incor- 
porated M.D. In July, 1582, he visited 
Elsinore with Peregrine Bertie, Lord 
Willoughby, who clotlicd King Fred- 
erick, of Denmark, with the Order of the 
Garter. Wliile there he attended court 
dinners that lasted seven and eight hours 
and met Peter Severinus and Tycho 
Brahe, the latter being the distinguished 
Danish astronomer, who, having lost 
part of his nose in a duel, replaced the 
mi.ssing tissue with gold, so cunningly 
colored and fitted that few could detect 
it, and who incurred the disgust of his 
fellow nobles by marrying a peasant 
girl, this being oven more disgraceful 
than studying astronomy. 

Moffett apparently liked to travel, in 
spite of the inconveniences and perils of 
the time. In England, littlo traveling 
was done for pleasure. Roads as we 
know them did not exist. They just 
happened, and moreover were infested 
by highwaymen, tramps, tinkers, jug- 
glers, vagrants and beggars with filthy 
rags and running sores manufactured by 
the application of arsenic, unslaked lime 
or other corrosives, Linen was snitched 
from hedges, and other forms of thievery 
flourished even as they do now. Inns 
were numerous, but many of the ser- 
vants were thievish. 

At Frankfort in 1584, he published an 
elaborate commentary of his medical 
views written in a style similar to that 
of Erasmuses ‘ ‘ CoUoquia. " The title is 
“De Jure et Priestantia Chemicorum 
Medieamentorum. " With this he 
printed four letters addressed to Phila- 
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lethes Gcrmanus and one to Endymion 
Luddipolensis, the five being dated from 
London between February and April, 
1584. The work received some notice 
abroad and attention in Zetner's 
“Theatrum Chemicum'^ published at 
Strassburg in Iblll All Moffett’s medi- 
cal books appear to have been published 
at Frankfort, then tlie center of the book 
trade in Germany and seat of the semi- 
annual book fair to wliicli publishers 
took their s;irnples. 

While in Europe, Moffett became in- 
fected with the l^araeelsian doctrine of 
medicine, and wlien he established him- 
self in England he and John Hester, 
translator of medical books and distiller, 
or, as he styled himself, “practitioner in 
the Spagericall Arte,” at Paul’s Wharf, 
became the chief exponents and defend- 
ers of the Paraeelsian system. 

During the beginning of the sixteenth 
century, the Galenists, witli their com- 
plex and i)olypharmous vegetable pre- 
scriptions, were the most progressive 
branch of the medical profession and 
with the followers of Hippocrates, mas- 
ter of detail and founder of medicine as 
a science, they had no serious disagree- 
ment. From the ranks of the Galenists 
sprang the Chymists, with their empiri- 
cal practices and additions to the materia 
medica and pharmacopeia, which sect 
flourialied during the latter part of the 
century. Philippus Aureolus Theophras- 
tus Bombastes von Ilohcnheim or Para- 
celsus, whose system attracted Moffett, 
was a widely traveled German physician 
and chemist, whose real or imitation 
cures and large practice attracted pa- 
tients of quality from all parts of 
Europe. Insolent, inflated and belli- 
cose, he publicly burned Galen’s works 
at Basle and disregarded custom by lec- 
turing in German instead of Latin. He 
contributed opium, mercury, sulphur, 
salt arsenic, iron, etc., to materia medica, 
was killed by being thrown out of a win- 
dow by a colleague during a heated 


THE 

THEATER 

INSECTS: 

OR. 

LefTcr living Creatures 

AS, 

SEES. PLIES, CATEUPILLAR V. SPIDRS, 
WORMSj a moft EUbonre Work. 


By TH 0 ^0 VFFET, Doaor in rhyficlt. 



L02^D0^{, Printed by F. C. vC f f. 


Title page or MorrErr's ** Theater op 
Inbects * * 

argument, and is generally characterized 
as the “greatest charlatan and mounte- 
bank that ever acquired celebrity in the 
profession.” 

Moffett apparently was not completely 
won over to the Paraeelsian system, for 
in 1588 he published again in Frankfort 
a digest of Hippocrates entitled, *^Nobo* 
mantica Hippocratea sive Hippocratis 
Prognostica cuncta ex omnibus ipsms 
scriptis methodice digesta.” By this 
time he had secured a good practice, 
first in Ipswich and later in .London. 
He was admitted as a candidate of the 
College of Physicians on December 22, 
1585, and as ^ fellow and censor in 
1588. 
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A PAGE or MorrETT^B book, devoted to 
* ‘ flies ' ' 


London at this time was for the most 
part a network of badly paved lanes 
made tenebrous by 4he overhanging 
fronts of houses and malodorous by the 
householders, who deposited their gar- 
bage and refuse in the gutters. Mud and 
filth prevailed in many streets. Coaches 
and carts rattled by, regardless of whom 
they splashed after a rain, and often 
blocked the streets, while their riders 
shopped and haggled over prices. 
Dekker wrote : 

In every street, carts and Coaches make suck 
a thundring as if the world ranno vpon wheeles ; 
at evrie corner, men, women, and children meete 
in such shoalos, that posts are sette up of pur- 
pose to strengthen the houses, least with iuitling 


_oue another they should shoulder them downe. 
'Besides, hammers are beating in one place. 
’Tubs hooping in another, Pots clinching in a 
third, water ‘tankards running at tilt in a 
fourth; heoro are Porters sweating vndor bur- 
dens, there Marchaiits-meii bearing bogs of 
money, Chapmen (as if they were at Leape- 
frog) skippo out of ono shop into another; 
Tradesmen (as if they were dancing (lalliards) 
are lusty at legges and never stand still; all 
are as busie as countrie Attumeyes at an 
Assises. 

The main thoroughfare was the 
Thames, which every one used in prefer- 
ence to the narrow, dirty streets. hVrries 
ran to and from various points, anti all 
kinds of craft sailed the river. And 
there was London Bridge with its houses 
and shops and covered way, and the 
tower guarding the middle draw orna- 
mented by poles on which were stuck 
the rotting heads of traitors. 

Some of Moffett ^s patients were quite 
distinguished. In 1590 he attended Sir 
Francis Walsingham, fanatical Puritan 
who looked after Elizabeth’s designs 
against the Jesuits and was one of her 
most capable statesmen. Early in his 
practice he attended Lady Penruddock 
and Sir Thomas and Edmund Knyvet. 
In July, 1586, Drs. Penny and Moffett 
attended Anne Seymour, duchess of 
Somerset, and attested her will. In 1591 
he was appointed physician to the forces 
operating in Normandy under the Earl 
of Essex. After his return to London 
he frequently attended court and was 
patronized by Henry Herbert, second 
earl of Pembroke. Mary Herbert, the 
earl’s wife, patroness of men of letters 
and poets, captivated by his culture, per- 
suaded him to live in Wiltshire at her 
home. The earl gave him the near-by 
manor-house of Bulbridge for a resi- 
dence, and the latter part of his life was 
spent at or near Wilton, as the earl’s 
pensioner. As a result of the earl’s in- 
fluence he was also elected M.P., for Wil- 
ton in 1597. While at court he became 
acquainted with Sir Francis Drake, chief 
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naval worthy of the time, whose pirati- 
cal enterprises against the colonies of 
Spain won the approval of Elizabeth. 

Moffett’s wife died while they were 
living at Wilton and was buried there 
on April 18, 1600. He married again a 
widow namecl Catherine Brown, but did 
not live long, dying June 5, 1604. He 
was buried in Wilton (-hurch. Moffett’s 
second wife sundved him, and to her 
four children by her first liusband Mof- 
fett, in addition to other bequests, willed 
his musical instruments, including a pair 
of virginals. Moffett’s own daughter 
Patience is mentioned in the will, and 
bis brothers William and Thomas were 
made overseers. When Moffett’s widow 
died in 1626 she left to Patience a por- 
trait of Moffett and a book “in his WTit- 
ing.” 

Moffett was the author of two post- 
humous works. In 1590 he had finished 
a book on the natural history of insects, 
which represented in part compilations 
from the works of Edward Wotton and 
Conrad Gesner and from papers left to 
him by Thomas Penny, botanist, ento- 
mologist, friend of Gesner and preben- 
dary of St. PauPs, Moffett, in the 
preface of his book, speaks of his indebt- 
edness to these and other persons, in- 
cluding Peter Turner, whose letters came 
also into Moffett ^s possession. The plates 
for the illustrations appear to have been 
Turner’s. Moffett was alternately en- 
couraged and discouraged as he wrote 
his “history.” His friends deterred 
him for a while because they thought in- 
sects insignificant and Moffett wasting 
his time by shaping the work of others. 
He persisted, however, in going ahead, 
adding more than 150 illustrations un- 
known to Gesner and Penny, correcting 
the language and omitting more than a 
thousand “tautologies, trivial matters 
and things unseasonably spoken,” be- 
cause, as he said, of “the squemish storn^ 
achs of men of this nauseating age.” 
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A PAGE or Moffett's book, devoted to 

* ‘ BEETLES ' ' 


After its completion, he obtained per- 
mission for its publication at the Hague 
on May 24, 1590, and dedicated it to the 
queen. Delays followed, however, and 
after the queen’s death it was rededi- 
cated to James 1. After Moffett’s death 
the manuscript found its way to the 
hands of Darnell, Moffett’s apothecary, 
who sold it to Sir Theodore Mayeme. 
Mayerne was a French physician who de- 
fended the use of chemical remedies. 
He became unpopular in Prance and 
went to London in 1611, where he estab- 
lished a large practice. Mayeme kept 
the manuscript for some years, due to 
the high cost of printing, and finally 
published it in London in 1634 with a 
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dedication to Sir William Paddy, an- 
other London physician, the title of the 
folio being, ‘^Insectorum sive Mini- 
morum Animaliiim Theatrum ... ad 
vivum expressis Iconibus super quingen- 
tis illustratum.^^ In 1658 it appeared 
in English, under the title ‘‘The Theater 
of Insects, or lesser living Creatures,” 
having been translated by John Row- 
land, M.D., and appended with plates to 
Topsel’s “History of Four-footed Beasts 
and Serpents,** “The whole Revised, 
Corrected, and Inlarged with the Addi- 
tion of Two useful Physical Tables, by 
J. R. M. D.** 

Moffett’s magnum opua, said to be the 
first zoological work printed in Britain, 
is divided into two books, the first con- 
sisting of twenty-nine chapters and the 
second of forty-two. Seven chapters of 
Book I are devoted to bees, and the re- 
maining ones to various insects. The 
titles now appear quaint, as shown by 
the following examples: X, of ‘^Flyes,” 
XVII, grasshoppers and “krickets,” 
XVIII “of moths called Blattae,” 
XXIX, of the ‘^wall-louse or winged 
Punie.” Book II is about insect® with- 
out wings, caterpillars, especially silk 
spinners, and other creatures. Some of 
the chapter headings are: VI, of the 
“whurlwonn,” VII, “of a caterpillar 
called Staphylinus,** IX, “of Chisleps 
or pill bugs,” XIII, “tame or house 
spider,’* XXII, “six footed worms in 
living creatures and of lice in ipen.” 
Short chapters deal with such miscel- 
laneous creatures as ^ ‘ horseleeches, ’ * 
water worms, sheep lice, mites, clothes 
moths, fleas and water insects.' The 
“physical index” added by Roland re- 
fers to the pages of the book whereon 
are listed remedies for various diseases 
of man. 

Some of the accounts are quite lengthy 
and show much diligence and knowledge 
of the writings of ancient authors, whose 
beliefs and mistakes were repeated by 


Moffett. Quotations are numerous, and 
the names of Aristotle, Pliny, Cardan, 
Galen, Marcellus, Bellonius, Lonicerus, 
Cordus, Altius, Homer, Plato, Gesner, 
Democritus, Varro, Pindar, Socrates, 
Africanus, Scaliger, Suetonius, Plutarch, 
Aristophanes, etc., appear frequently. 
Apparently few original assertions are 
included. In some places Moffett in- 
cludes the results of his own observations 
during his travels or about London, and 
speaks of receiving specimens of “Cer- 
ambyces” from Quickelbergius, of Ant- 
werp, and of giving specimens to Dr. 
Penny. In general, Moffett’s treatment 
of each species gives the name of the in- 
.seet in Hebrew, Italian, French, etc., the 
opinions of the Greeks concerning it, a 
rough description interspersed with re- 
marks by Pliny, Socrate.s, etc., a state- 
ment about the structure, breeding habits 
and food plants of the species according 
to various authors and travelers, and 
then an account of the myths surround- 
ing the insect and its uses in medicine. 
His treatment varies somewhat with the 
different species, depending upon the 
amount of material available. 

The only attempt at classification is a 
table in which all insects “without 
wings” are divided into two groups, 
those inhabiting the earth and those the 
water. The “earth” insects are divided 
into “some with feet” and “some with- 
out feet” afe earthworms and “maw- 
worms. * ' The ‘ ‘ some with feet * * include 
those that “goe with many feet; catter- 
piUers, beetles and such as are called 
Staphylni,** those that “goe with eight 
feet, scorpions and spiders” and those 
with six feet, such as “wasps, glow 
worms, the female Meloe. Also worms 
in wood, trees, roots, fruits, meats, gar- 
ments, chambers, humors.” The water 
insects, too, are divided into those “with- 
out feet,” as the hair-worm and ”hors- 
leech,” and those “with feet.” The 
latter includes those swimming with six 
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feet, such as * ‘ the Shrimp, the Lake Scor- 
pion, the Notonectus*^ and those *^with 
many feet” as the *^Sea Scolopendra, 
the many footed Shrimp.” 

Some of the remedies proposed in Mof- 
fett 's book seem quite bizarre at this 
time, as the following quotations show : 

Concerning the use of bees in baldness : 

Take boos dead in the combs, and when they 
are throutfh dry make them into powder, as 
Galen in Eiiporist. writes, mingle them with 
honey in which they died, and anoint the parts 
of tho head that are bald and thin haired, and 
yon shall seo thorn grow again. — ^Pago 90(1. 

Propertius is the author of the follow- 
ing distich : 

That which forbids the nasty Ply the dish to 
lick. 

Is Peacock 's feathers fastened to a stieJs. 

— Page 947. 

When cowps or calves are sick, and bcllios 
swell, 

They 'ave oat Biiprestis keepora known full well. 

— Page 1000. 

Pliny saith that the Buprostis by way of 
corrosive doth toko away Ringworms in the 
face. Hippocrates doth much commend thorn 
in divers diseases of the womb. — Pago 1002. 

Faventinus prescribes 21 CJliiHlops boyled in 
Bowr Oyl, for pains in the oars proceeding from 
cold; in which he shows that they must be 
aunointed alwut the ears, and a little must be 
dropped in. — Page 1049. 

If you often apply Oyl or Butter of Hog-lice 
to a pained head, you shall cure the pain. Gal, 
Eupor, 2.91. Bruised, they cure the Tonsils, 
and the diseases of the chops, Diosoor. — Page 
1049. 

Concerning cosmetics; 

A Maid that cares for her beauty, and would 
make the circles of her eye lids black, Emmets 
oggs bruised with Plies will perform that, and 
give them their desire.— Page 1080. 

For toothache; 

Bub a faulty tooth with the Worms in Oole- 
worts, aiid it wiU in a few dayes fall forth 
itself. — Page 1088. 

According to Galen : 

Worms that breed in hollow and rotten trees 


heal secret Ulcers and all symptomes of Ulcers, 
and disoases of the head. — ^Page 1088. 

That trees may not bo eaten with worms, 
plant them in tho new of tho Moon, and out 
them down l:»etween tho new and old Moon in 
the conjunction. Also annoint them with Tarre, 
and often wet them with the lees of Oyl. — Pago 
1089. 

Moffett ^8 magnificent compilation, il- 
lustrated by what now would be called 
wretched woodcuts, was praised by Hal- 
ler in his notes on Herman Boerhaave’s 
‘ ‘ Methodus Studii Medici. ’ * Haller 
lauded the large amount of information 
presented about each species and also 
praised the illustrations. He admitted 
that Moffett believed too many legendary 
reports, but placed him above all ento- 
mologists before Swammerdam. Hallam 
did not rate Moffett so highly. 

Moffett ’s other posthumous book, 
compiled about 1595, was: “Health's 
Improvement; or Rules comprising and 
discovering the Nature, Method, and 
Manner of Preparing all sorts of Food 
used in this Nation. Written by that 
over Famous Thomas Muffett, Doctor of 
Phisick ; corrected and enlarged by 
Christopher Bennet, Doctor of Physick 
and Fellow of the Colledg of Physitians 
of London” (London 1655). According 
to the account in the “Dictionary of 
National Biography, ' ' on which the 
present paper is based, his second post- 
humous book is a loquacious assemblage 
of rules relating to diet. A second edi- 
tion was published in 1746, It was 
Moffett's intention to supplement this 
by a like book on “drinks.” 

From all accounts, Moffett had consid- 
erable reputation ds a physician, chem- 
ist and naturalist. Well grounded in 
the classics, mathematics and medicine, 
his experience enriched by travel, his 
association with persons of rank, his 
knowledge of music, his literary apti- 
tude, as indicated by his books and poem 
on the silkworm, which Obamberlam 
said was “no bad piece of poetrie," all 
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point to high intelligence and culture. 
Of a religious bias, in the preface of his 
book on insects, he says, speaking of 
large animals — ' ‘ I acknowledge God 
appears in their magnitude, yet I see 
more of God in the History of lesser 
Creatures.” With the godless he had 
little patience, as the following extract, 
from the preface to the second part of 
his '‘Theater of Insects,” bears witness: 

Go to therefor© bold Atheist, who art ignor- 
ant of God and the Divine Perfection ; endure, 
if thou canst, the biting of the Spider Phalau- 
gium, or of the Scorpion ; abide the pain of the 
Worm Scolopcndra; swallow down the Pino-tree 
CatterpiUcr, Contend with Wonns, despise with 
Herod, biting Lice, so much as thou art able, at 
last thou ©halt flnde that there is no foot Soul- 
dier so mean in this Army, that will not quickly 
overcome all the forces of thy body and minde, 
and will make thy foul mouth to confess, by 
their ministry, that there is a God. Thus then 
I draw forth my Regiments, so I muster the 
Souldiers. 

Moffett lived at a time when the love 
of gold and jealousy of Spain were the 
activating forces behind English naviga- 
tion ; when the control of tlie seas passed 
from Spain to England ; when Sjr Wal- 


ter Raleigh was making unsuccessful 
attempts to settle Virginia} when En- 
gland ^8 colonial expansion started ; when 
the author and publisher of a book that 
displeased Elizabeth had their right 
hands cut off with a butcher’s knife and 
mallet in the market place at Westmin- 
ster ; when England was being raised to 
a first-class power in Europe through 
Elizabeth and her advisers; when “Gam- 
mer gurtons Nedle, a Ryght Pithy, 
Pleasaunt and merie Comedie” was 
played in Cambridge; w^hen, according 
to the “Bokc of Nurture, or Schoole of 
good manners,” children were exhorted 
to say their prayers, brush their clothes, 
wash their hands, comb their hair, and 
not to pare their nails at the table, nor 
pick their teeth with a knife and not to 
be noisy with their soup or blow upon it ; 
when William Clowes, surgeon, charac- 
terized scrofula as a disease known to be 
cured by the sacred hands of the Queen ; 
when Elizabeth wanted to be considered 
beautiful and to be loved and when she 
called the Duke of Alengon her “little 
frog,” 
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RESEARCHES DESCRIBED AT THE ANNUAL MEETING OF THE 
NATIONAL ACADEMY OF SCIENCES 


Among reports of pjeneral scientific 
interest presented at the annual meeting' 
of the National Academy of Sciences, 
held in Wa.shington on April 23 and 24, 
was a paper by Professor R. W. Wood, 
of the Johns Hopkins University, de- 
scribing the work which he and Mr. A. 
L. Loomis have conducted on sound 
waves of high frequency. These rays 
of inaudible sound waves are produced 
from slices of quartz crystal, driven by 
oscillating electric currents of frequen- 
cies of about 500,000 a second. They 
travel through any liquid or solid object 
and heat it as they go, but do not come 
out into the air. Blood corpuscles in a 
physiological salt solution are broken 
down, tingeing tl)e whole body of the 
fluid a clear red; but if a tiny particle 
of gelatin — half a per cent, or less — is 
added, it somehow protects the cor- 
puscles and they are not broken. If a 
block of artificially frozen ice is sub- 
jected to their action, the waves have no 
apparent effect on it until it is placed 
under pressure, when it at once breaks 
into a mass of tiny crystals. But a 
piece of pond ice, frozen under different 
conditions, resisted the waves and did 
not crumble. Finely powdered solids, 
stirred up in water to make a suspen- 
sion, are driven together by the waves, 
until they form a closely packed round 
mass just under the surface. Things 
that can not ordinarily be mixed with 
water, like oil, paraffin and mercury, are 
forced by the vibrations to become ex- 
ceedingly fine suspemnons or emulsions. 
A paraffin candle was floated on water 
and the current turned on. The wax 
melted from the surface and came down 


into the liquid in the form of a cloud 
of microscopic white drops, forming a 
veritable paraffin milk. In another ex- 
periment, a little mercury was poured on 
the bottom of the beaker full of water. 
The waves broke it up into drops so 
small that they could just be seen with 
the highest power of the microscope, 
scattered evenly through the water in a 
dense cloud. This mercury-water emul- 
sion was as black as inlc. 

The studies of Dr. F. E. Wright, of 
the Geophysical Laboratory of the Car- 
negie Institution of Washington, which 
he described at the meeting of the acad- 
emy, indicate that the surface of the 
moon consists of such rock as pumice 
and granite, with no basalt. And as 
basalt is almost invariably associated 
with volcanic activity as far as we know, 
this is rather a jolt to the theory that 
the moon was once the scene of vast vol- 
canic activity, producing the craters that 
are such a familiar feature of its surface. 
The light reflected from the moon is 
partly polarized, and by determining 
the degree of polarization it is possible 
to learn something of the nature of the 
reflecting surface, . At different phases 
of the moon, the light is reflected to the 
earth at different angles, and by com- 
paring with it the polarization of light 
reflected from earthly rock surfaces, t)r. 
Wright has found that rocks containing 
large amounts of silica, such as pumice, 
granite, quartzporphyry, as well as sul- 
phur and powders of transparent sub- 
stances, polarize light reflected from 
their surfa^s much in the same way as 
the moon does. But basalt, a rock due 
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to volcanic causes, affects the light quite 
differently. At best, however, the 
amount of polarized light reflected from 
the moon is very slight, and at new 
moon and full moon is practically ab- 
sent. 

What seems to be a solution of the 
problem of how the heat and light radi- 
ated from the sun vary was announced 
by Dr. C. G. Abbot, acting sc^iretary of 
the Smithsonian Institution. While it 
has been known for nearly a century 
that the sun undergoes an eleven-year 
cycle during which sun spots wax and 
wane, and that the intensity of the radi- 
ation follows somewhat in step, the cor- 
respondence is not close enough to per- 
mit advance predictions of what the 
radiation will l)e. Dr. Abbot took values 
for the intensity of solar radiation found 
by. the Smithaonian^s Astrophysical Ob- 
sei^vatory for a period of 77 months, 
ending October, 1926. These were ana- 
lyzed by Dr. Dayton C. Miller, of the 
Case School of Applied Science, in an 
ingenious machine of his invention, 
known as the harmonic analyzing ma- 
chine. The results show that there is a 
marked period of about 25 2/3 months, 
and two others less strongly marked of 
15 2/5 months and of 11 months. The 
combination of these periods produces a 
very complicated variation, which has 
hitherto been supposed to be without 
any regularity whatever. As the sun 
affects terrestrial conditions, such as 
long range radio reception, and as it has 
already been found that the world’s 
rainfall average undergoes a variation 
of 15 2/5 months, corresponding with 
the one Dr. Abbot has found in solar 
radiation, he is hopeful that prediction 
of the intensity of solar radiation, and 
the effects attendant on it, may soon be 
possible. 

The loss in weight that we all undergo 
every day, mostly water given off 


through the skin and lungs, has been 
the object of research by Dr. Francis O. 
Benedict and Cornelia Qellay Benedict, 
of the Carnegie Institution of Wasliing- 
ton. Two sensitive balances were used 
in the work. Both were strong enough 
to sustain the weight of a man, but sen- 
sitive enough to register small changes 
in weight. One of the balances would 
indicate a change of one third of an 
ounce, and was so constructed that the 
volunteer for the experiment could sleep 
all night on its platform. The other 
was a hundred times as sensitive, but 
could be occupied for only an hour or 
80 at a stretch. The total moisture losses 
of this class from a woman of average 
weight were found to average about 30 
grama, or one ounce, per hour; for a 
man the figure was about a third higher. 
An auxiliary device permitted the sepa- 
rate measurement of losses from the 
lungs and skin, and while these varied 
among individuals and from time to time 
in the same individual, they averaged 
50 per cent, from each source of water 
loss. Other ingenious mechanisms mea- 
sured the carbon dioxid given off, the 
percentage of water in the outgoing 
breath and also its temperature. 

Using an electrical heat-measuring 
device so incredibly delicate that it is 
sensitive to two trillionths of an ampere 
of current and will measure temperature 
changes of as little as one ten-millionth 
of a degree Centigrade, Dr. A. V, Hill, 
of the University of London, has mea- 
sured the temperature changes in nerve 
fibers during their activity. In describ- 
ing his experiments before the academy, 
he stated that his object had been to 
learn more about the nature of nervous 
action. Older theories have held that 
nervous impulses were not like other 
physiological processes, but were phys- 
ical waves like light or radio waves. 
These ideas were based on the absence 
of any detectible heat given off by 
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nerves as a result of stimulation. But 
with the extremely sensitive iastniment 
devised by Dr. Hill it is possible to mea- 
sure the almost vanishingly minute tem- 
perature rise that occurs in a single 
nerve fiber when it is caused to react. 
The moment of activity of a nerve is fol- 
lowed by a prolonged period of recov- 
ery, during which nine times the initial 
amount of heat is given off. 

Chkmical methods to arouse seed po- 
tatoes and other plant cuttings from 
their lethargy and start them into 
growth weeks before the usual time were 
described by Dr. Prank E. Denny, of the 
Boyce Thompson Institute, Yonkers, 
N. Y. Potato tubers when freshly har- 
vested are dormant, and will not sprout 
if planted at once under growing con- 
ditions, the rest period lasting from 1 
to 4 months in different varieties of 
potatoes. This period of inactivity may 
be shortened by treating the tubers with 
various chemicals. The gain in time of 
sprouting is about 2 to 6 weeks, depend- 
ing on the variety of potato and the 
stage of dormancy at the time the treat- 
ment is applied. Twigs of apple, grape, 
lilac, also have this dormant period in 
ahtumn, and the buds of these species 
can be forced into early growth by treat- 
ment with certain of these chemicals, 
|Jie gain in time of budding or blooming 
ranging from 1 to 9 weeks. The chem- 
icals used by Dr. Denny include thio- 
cyanates, thiourea and ethylene chlor- 
4iydrin. 

Boeing for live steam as men bore fpr 
oil, with the possibilities of running en- 
gines and turning dynamos without the 
burning of fuel, was described by Dr, 
Arthur L. Day, of the Carnegie Insti- 
tution of Washington. The steam wells 
are in Sonoma County, Calif., where 
operations have been going on for some 
time to exploit a field of hot springs and 
steam vents similar to those of Yellow- 


stone National Park but on a smaller 
scale. So far five borings have been 
sunk. They reach depths of from 300 
to 600 feet, yielding a total of nearly 
5,000 horsepower of live steam. The 
temperatures at the bottoms of the wells 
vary from 160 to 185 degrees, and the 
pressures attain a maximum of 276 
pounds per square inch. Besides steam, 
various gases come out of the wells, 
making up less than two per cent, by 
volume of the product. Similar wells 
have been operated on a large scale for 
several years in Italy. Concerning 
these, Dr. Day remarked, Compared 
with the development of natural steam 
in Tuscany, where more than 30,000 
H.P. is now commercially developed, 
the conditions in California appear to 
be somewhat more favorable from the 
point of view of the uncondensable gases 
carried and their corrosive effect upon 
metals. The total power available is 
probably smaller. The oldest of the 
California wells has now been flowing 
intermittently for five years with uu- 
diminished pressure.’’ 

‘ ‘ Sea-lfael, ” the standard to which 
land heights are referred, is not such a 
definite thing, Professor Douglas John- 
son, of Columbia University, told mem- 
bers of the academy. Local configura- 
tions of the shore line may have a great 
effect, and as extreme examples of the 
effect he cited the ease of the Bay of 
Pundy, which is wide at the mouth, but 
gets narrow towards the head, so that 
the high tide in the bay is much hig^her 
than in the open sea. On the other 
hand, a broad bay, connected to the sea 
by a narrow inlet, may never have a tide 
as high as in the ocean outside because 
the water can not pour in through the 
inlet fast enough to fill up the bay be- 
fore the tide outside begins to fall again. 
These are extreme oases, but that much 
less clearly marked irregularities of the 
coast may produce considerable effect 
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has been shown by studies around the 
city of New York. In some places the 
crest of high tide was found to be nearly 
two feet higher than others. On this 
account any local changes in the shore- 
line may affect the mean sea-level, and 
so produce an apparent settling or rising 
of the coast line. 

The fossil-bearing rocks of the Grand 
Canyon, which have recently aroused 
much interest because of the discovery 
in them of footprints of long-extipot 
a w iTnalw, are now yielding remains of 
the leaves and stems of plants among 
which these animals roamed and fed 
many millions of years ago. At the 
meeting of the academy Dr. David 


White, of the U. S. Geological Survey, 
told of his examination and identifica- 
tion of many specimens from this region. 
The plants that grew on the ancient 
floodplain of red sand through which 
the groat gash of the Grand Canyon has 
since been cut were very little like the 
ones that grow in the forests of to-day. 
Their nearest relatives still living are the 
ferns and the tropical cyeads and similar 
plants. The plant remains were all pre- 
served by being deposited at the bottoms 
of streams or ponds, but there is evi- 
dence that these bodies of water were not 
permanent, but appeared during rainy 
seasons and dried up when the rains 
ceased. 
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